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Abstract
Pigeonpea is a mu l t i pu rpose , m u l t i - b e n e f i t c r op adapted to sem i -a r i d cond i t i ons , and an
i m p o r t a n t c o m p o n e n t o f t rad i t iona l i n te rc ropp ing systems i n eastern and southern A f r i c a .
T h i s p u b l i c a t i o n conta ins presentat ions, d iscuss ions, and recommenda t i ons f r o m a 
w o r k s h o p to r e v i e w the cur ren t status and fu tu re prospects f o r p igeonpea in the r e g i o n . T h e
w o r k s h o p , h e l d i n N a i r o b i i n Sep 2000 , at t racted 29 par t ic ipants f r o m s ix count r ies ,
represent ing va r ious stakeholder g roups i n c l u d i n g na t iona l and in te rna t iona l research
ins t i tu tes , un ivers i t ies , N G O s , and p o l i c y makers .
A range o f i m p r o v e d technolog ies is ava i lab le . E f fo r t s to i m p r o v e adop t i on mus t center
on c o m m e r c i a l i z a t i o n o f p igeonpea, i.e. p r o v i d i n g sma l lho lde r fa rmers w i t h re l iab le marke t
out le ts , ma rke t i n f o r m a t i o n , and adequate incent ives to invest in p roduc t i v i t y - enhanc ing
techno log ies . Par t ic ipants suggested the f o l l o w i n g : ( i ) Conso l ida te research i n f o r m a t i o n
(cu r ren t l y scattered in j ou rna l s and repor ts) i n to a comprehens ive techno logy i nven to ry f o r
the r e g i o n , i d e n t i f y gaps in k n o w l e d g e . ( i i ) I den t i f y spec i f ic marke ts , package ava i lab le
techno log ies (var ie ty , management ) f o r each o f these marke ts , estab l ish l i n k s w i t h
m a r k e t i n g agencies where poss ib le . ( i i i ) In i t i a te studies to co l lec t add i t i ona l i n f o r m a t i o n ,
pa r t i cu la r l y on marke t oppor tun i t ies , t ransact ion costs, and compara t i ve advantages.
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D r K i o m e , D i rec to r General o f K A R I ; P r o f M u k u n y a , P r i nc i pa l , Co l l ege o f A g r i c u l t u r e and
Veter inary M e d i c i n e , Un i ve rs i t y o f N a i r o b i ; ladies and gen t lemen:
W e l c o m e to N a i r o b i - karibuni, as we say. M a n y of y o u have t rave led l ong distances,
tak ing t ime o f f you r busy schedules, to be here today. T h a n k y o u fo r you r support . I hope
y o u r j o u r n e y was pleasant, and that y o u f ind the celebrated N a i r o b i weather s t imu la t ing (but
not too s t imu la t ing) . We are here fo r th is impo r tan t w o r k s h o p w h i c h has t w o m a j o r
object ives - f i rst , to rev iew the results ach ieved in the past f e w years; and second, i den t i f y a 
fu ture course o f act ion to b u i l d on past ach ievements .
L e t me beg in w i t h a b r i e f backg round . I C R I S A T has a g loba l mandate fo r research and
i m p r o v e m e n t o f p igeonpea. T h e wor ld ' s largest p igeonpea producer i s I nd ia , where
I C R I S A T ' s headquarters are located. B u t f ive of the top six producers are in eastern and
southern A f r i c a , where p igeonpea has been g r o w n fo r perhaps 4 0 0 0 years. T h e c rop is
drought - to le rant , i t p rov ides m u l t i p l e benef i ts , i t can g ive good y ie lds even w i t h l i m i t e d
inputs - but s imul taneous ly i t is also a po tent ia l cash c rop . I t thus d i rec t ly benef i ts our
p r ima ry c l ien t - the resource-poor sma l lho lde r farmer , w h o operates in a var iab le ,
semi -a r id env i ronment and general ly lacks access to techno logy , cash, and other resources.
I be l ieve a l l of us share the same mandate - to deve lop and p romote techno logy a imed
at the smal lho lder farmer. Pigeonpea f i ts w e l l i n to the sma l lho lder agr icu l tu ra l and
economic system. A n d this w o r k s h o p a ims to f i nd w a y s to leverage this in t r ins ic " g o o d f i t "
in to more d ive rs i f i ed c ropp ing oppor tun i t ies , h igher f a r m incomes, and a more sustainable
f a r m i n g system.
In 1992, the A f r i c a n D e v e l o p m e n t B a n k p rov i ded f u n d i n g fo r the Pigeonpea
I m p r o v e m e n t Project fo r Eastern and Southern A f r i c a . T h e pro jec t operated in 10 count r ies ,
imp lemented by a broad ne two rk of partners - nat iona l research inst i tutes such as K A R I ,
N G O s such as TechnoServe and Ca tho l i c R e l i e f Serv ices, the pr iva te sector, advanced
research inst i tutes, extension services, and fa rmer groups. Th i s n e t w o r k o f partnerships has
generated impress ive results.
Several imp roved var iet ies have been released, i nc l ud i ng shor t -durat ion var iet ies
sui table f o r cash-cropp ing. Pest and disease con t ro l methods have been deve loped.
Phys io logy and adaptat ion studies have great ly i m p r o v e d the target ing o f var iet ies to
speci f ic env i ronments . Bu t the project 's s ing le b iggest con t r i bu t i on has probab ly been in the
area o f capaci ty bu i l d i ng . Be fo re 1992, K e n y a was the on l y coun t ry in the reg ion w i t h an
act ive p igeonpea research p rog ram. Today, 10 count r ies have establ ished R & D programs.
T h e number of scient ist-years in the reg ion has increased f ive- fo ld since 1992. Scient ists
and other researchers have been sponsored fo r h igher educat ion . T ra in ing programs have
been conducted in several countr ies fo r f o o d technolog is ts , manufacturers o f processing
equipment , farmers, and speci f ica l ly women. farmers (processing and ut i l izat ion techniques).
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4S imu l taneous ly , the pro jec t has b rough t together a n u m b e r o f partners w i t h
comp lemen ta r y sk i l l s and exper t ise, t o i m p r o v e the d i ssemina t i on o f new p igeonpea
techno log ies . F o r examp le , pr ivate-sector m i l l e r s i n M a l a w i and K e n y a are h e l p i n g us
deve lop c o m m e r c i a l ma rke t i ng channels . As a resu l t , we are n o w in a pos i t i on to take on
n e w cha l lenges, i n bo th research and techno logy d i ssemina t i on .
I m u s t express ou r grat i tude to the va r ious co-sponsors w h o made th is mee t i ng
poss ib le - the K e n y a A g r i c u l t u r a l Research Ins t i tu te ( K A R I ) , I C R I S A T , European U n i o n
( I N C - D E V Prog ramme) , Conse i l In te r -un ivers i ta i re de l a C o m m u n a u t e f rancaise de
B e l g i q u e ( C I U F ) , Make re re Un ive rs i t y , and the Un ive rs i t i es o f N a i r o b i , G e m b l o u x , and
B o n n . E q u a l l y impor tan t are ou r partners i n K A R I and o ther research inst i tu tes w h o l ed the
research e f fo r ts . Y o u w i l l a l l agree that p igeonpea is a c r o p w i t h eno rmous po ten t ia l . I 
be l ieve we have the techno logy, the co l l ec t i ve exper ience, and the c o m m i t m e n t to he lp
rea l ize th is po ten t ia l . I hope we w i l l be able d u r i n g th is w o r k s h o p to ou t l i ne a set o f concrete
steps to p r o m o t e p igeonpea cu l t i va t i on and c o m m e r c i a l i z a t i o n t h roughou t the reg ion .
T h a n k y o u .




Lad ies and gent lemen
T h a n k y o u fo r y o u r i n v i t a t i o n ; i t i s a pleasure to be here today to discuss R & D strategies f o r
one o f the mos t impor tan t l egume crops in the reg ion .
I am fam i l i a r w i t h I C R I S A T ' s w o r k on legumes and cereals. T h e K e n y a A g r i c u l t u r a l
Research Inst i tu te ( K A R I ) has a lways been a s t rong suppor ter o f p igeonpea research
programs because o f the impor tance o f the c rop . Last Augus t , I toured Machakos D is t r i c t
and other parts o f Eastern P rov ince , where p igeonpea was the o n l y c rop that su rv i ved and
produced g ra in . T w o consecut ive d roughts have caused great hardsh ip to fa rmers ,
especia l ly sma l lho lders ; and the advantages o f g r o w i n g drought - to le ran t crops are m o r e
ev ident than ever. T h e benef i ts o f d rough t to lerance in p igeonpea are w i d e l y recogn ized .
B u t th is aspect has no t been su f f i c ien t l y emphas ized by the research c o m m u n i t y , or by
po l i cy makers , in order to p romo te p igeonpea. In add i t i on to the m a n y other benef i ts th is
c rop p rov ides , we mus t emphasize i ts advantages as an " e m e r g e n c y " c rop , capable o f
p r o v i d i n g f o o d in d rough t s i tuat ions. Perhaps we need to lay greater emphasis on th is aspect
even in breed ing and ag ronomy research.
G o o d w o r k has been done on var ie ty imp rovemen t , but some chal lenges rema in :
Adoption. A d o p t i o n rates are poor , despi te the s ign i f i can t y i e l d improvemen ts that the new
variet ies offer. P igeonpea has not been able to compete w i t h other crops, especia l ly cash
crops. We need to address these issues, and devise ways to increase adopt ion and impac t o f
new technologies.
Socio-economic factors. T h e fa rmer is interested in f o o d supp ly and cash, not in any
par t icu lar c rop . Dec is ions are made based on cash, labor and other inputs needed, and the
returns f r o m investment in inputs . T h u s , we need to examine the cost-ef fect iveness o f
p igeonpea p roduc t i on , and o f fe r fa rmers economica l l y advantageous opt ions. M o r e
i n f o r m a t i o n is needed on var ious aspects - impac t assessments, adop t ion surveys, soc io-
economic factors such as resource ava i lab i l i t y , marke t access and so on . Farmer-
par t ic ipatory studies in these areas w i l l he lp document the advantages o f p igeonpea and
iden t i f y speci f ic trai ts (e.g. v i t a m i n content ) that can be i m p r o v e d , f o r examp le us ing
b io technology.
Systems approach. One unfor tunate aspect of many c rop i m p r o v e m e n t p rograms is that the
sorghum breeder tr ies to p romo te so rghum, the p igeonpea breeder emphasizes the
advantages of pigeonpea, and so o n . Rather, we need a systems approach. Research programs
must determine h o w w e l l any po ten t ia l var ie ty o r techno logy f i ts i n to the c ro pp ing system.
Future projections. W h a t are the p ro jec t ions fo r fu ture expans ion /adopt ion , wha t is
p igeonpea's compara t i ve advantage re la t i ve to other crops? I t c lear ly has an adapt ive
advantage in semi -a r id areas; h o w can we b u i l d on th is advantage to p romo te the c r o p m o r e
w i d e l y ? We mus t remember that th is advantage m a y not last i nde f in i te l y . F o r examp le ,
breeders are n o w t r y i n g to deve lop d rough t - to le ran t ma ize , w h i c h c o u l d cha l lenge
p igeonpea 's dom inance in d ry areas. S imu l taneous ly , we mus t ensure that ou r o w n research
remains cost -e f fec t ive and re levant to f a r m e r s ' needs.
K A R I s t rong ly supports I C R I S A T ' s p igeonpea w o r k , ev idenced b y the presence o f
K A R I scient ists a t th is mee t i ng , and the i r c lose associat ion w i t h the p igeonpea p ro jec t ove r
the years. I note there are par t ic ipants f r o m U g a n d a and Tanzania as w e l l , i n d i c a t i n g that
other count r ies in the reg ion (e.g. A S A R E C A members ) are suppor t i ve o f these e f for ts to
i m p r o v e f o o d secur i ty i n eastern and southern A f r i c a . K A R I w i l l con t inue t o suppor t
I C R I S A T ' s ef for ts to p romo te p igeonpea. T h e c rop i s very m u c h a par t o f t rad i t i ona l
c r o p p i n g systems; i t has w i d e consumer acceptance, i t i s adapted to cond i t i ons in the r e g i o n ,
and can o f fe r bo th f o o d secur i ty and cash i n c o m e . W o r k i n g together, we can b u i l d on these
inherent advantages to i m p r o v e the t echno logy op t ions avai lab le to sma l lho lde r fa rmers
th roughou t the reg ion .
I am sure th is mee t i ng w i l l l ead to the deve lopmen t of a clear strategy f o r p igeonpea
research and d isseminat ion in the fu tu re , and that agr icu l tu ra l deve lopment in the reg ion w i l l
benef i t as a resul t . I n o w o f f i c i a l l y dec lare th is w o r k s h o p open.
T h a n k y o u .
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Lad ies and gent lemen
T h a n k y o u fo r g i v i n g me the oppo r tun i t y to at tend this mee t i ng , and interact w i t h
legumes scientists f rom a range of d isc ip l ines . I t h i nk I k n o w most of y o u already, and we
have w o r k e d together in the past. I began my academic career w i t h the Un i ve r s i t y o f
N a i r o b i , w o r k i n g w i t h gra in legumes - I can say w i t h o u t exaggerat ion that my heart be longs
to g ra in legumes.
I recent ly toured the Eastern and Cen t ra l Prov inces . Crops have been devastated after
t w o seasons o f severe drought , and even weeds were s t rugg l i ng ! The on l y green t h i ng we
c o u l d see in the f ie lds was p igeonpea, thanks to i ts d rough t to lerance.
Pigeonpea research in the reg ion has been f a i r l y successful . A number of i m p r o v e d
var iet ies have been ei ther released or are under advanced o n - f a r m test ing in several
count r ies . In Kenya , we have l ines such as N P P 6 7 0 and K i o k o , deve loped by O n i m ,
K i m a n i , and others; Ka t 60/8 deve loped by O m a n g a ; and several o ther l ines deve loped or
in t roduced by I C R I S A T . Th i s represents ve ry hard w o r k over a l o n g pe r i od - such
persistence in research is impor tan t , espec ia l ly in a semi -ar id env i ronmen t l i k e ours , where
rep l i cab i l i t y o f cond i t ions is so d i f f i cu l t .
I f we have been successful , i t i s in large measure due to co l labora t ion w i t h d i f fe ren t
partners. We began co l labora t ion m a n y years ago - that is w h y we su rv i ved . Co l l abo ra t i on
was deve loped th rough var ious avenues. F i rs t , be tween organizat ions in K e n y a - f o r
examp le , K A R I and the Un i ve rs i t y o f N a i r o b i w o r k together, as we shou ld . We target the
same farmer , so we need to w o r k together as one ins t i tu t ion , and forge even c loser l i nks . We
sent students to I C R I S A T - I n d i a f o r M S c and P h D degrees th rough an i n f o r m a l
M e m o r a n d u m o f Unders tand ing , and t r a i n i ng act iv i t ies expanded great ly after I C R I S A T
establ ished an o f f i ce in N a i r o b i . T h e European U n i o n (notab ly B e l g i u m and G e r m a n y ) also
p rov i ded some fund ing . We have l o n g w o r k e d w i t h nat ional p rograms in the reg ion as w e l l
- i n fact , Kabete Research Sta t ion , one o f Kenya ' s oldest, belongs to Make re re Un i ve rs i t y i n
U g a n d a ! Th i s synergy is impor tan t , because w i t h synergy, 1 p lus 1 makes 3.
Future research must b u i l d on these ach ievements and partnerships. I f we are to a i m f o r
new technologies and new var ie t ies, we need clear ob ject ives, a p ro-ac t i ve approach, and
l o n g - t e r m c o m m i t m e n t f r o m a l l par tners.
Research fac i l i t ies in K e n y a are sadly l a ck i ng . L a c k o f f und ing means that i t i s d i f f i c u l t
to procure new equ ipment , and o f ten even to ma in ta in ex is t ing fac i l i t ies . By co l labora t ing
we get not on ly ideas and exper t ise f r o m our partners, bu t also access to equ ipment
and fac i l i t i es .
L e t me thank y o u a l l f o r y o u r w o r k , and y o u r approach to agr icu l tura l deve lopment ; and
i n par t icu lar , I C R I S A T , K A R I , and G e m b l o u x Un ive rs i t y , w h o made th is mee t ing possib le.
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Technology Development
Strategies and Experiences in Pigeonpea Variety




Pigeonpea is one o f the m a j o r g ra in l egume crops g r o w n in the t rop ics and subt rop ics. I t i s
usual ly g r o w n ra in fed in areas prone to drought . In these areas, day length varies f rom 11 to 14
h and large d i f ferences in temperature are exper ienced, large ly due to var ia t ions in a l t i tude
and la t i tude. T h e t rad i t iona l var iet ies g r o w n are m a i n l y m e d i u m - and l ong -du ra t i on types,
w h i c h are in te rc ropped w i t h cereals such as m a i z e and so rghum and var ious shor t -dura t ion
legumes such as cowpea and beans ( A l i 1990, S i l i m et a l . 1991). These t rad i t iona l var iet ies
are ex t reme ly sensi t ive to pho tope r iod and temperature , w i t h p lan t he igh t , vegetat ive
b iomass, pheno logy , and g ra in y i e l d be ing the trai ts mos t a f fected ( B y t h e t a l . 1 9 8 1 ,
W h i t e m a n et a l . 1985). T h e sens i t iv i ty o f p igeonpea to temperature and pho toper iod is a 
ma jo r const ra in t to the deve lopmen t o f stable and pred ic tab le management pract ices,
c ropp ing systems, and var iet ies ( W h i t e m a n et a l . 1985). Concer ted research ef for ts by
I C R I S A T and i ts partners have resul ted in the deve lopment o f ext ra-shor t and shor t -durat ion
var iet ies that escape d rough t and are less sensi t ive to pho tope r i od than t rad i t iona l m e d i u m -
and long -du ra t i on types (S ingh e t a l . 1990). T h i s has increased the f l e x i b i l i t y o f p igeonpea
cu l t i va t i on and fac i l i ta ted i ts use in d i f fe ren t c ropp in g systems (Nene 1991).
I C R I S A T ' s ef for ts to deve lop pho toper iod- insens i t i ve ext ra-shor t and shor t -dura t ion
var iet ies have u n w i t t i n g l y resu l ted in the deve lopmen t o f var iet ies adapted to w a r m
temperatures (Omanga et a l . 1995) and sensit ive to l o w temperature. Fo r example , attempts in
1990 and 1991 by I C R I S A T to in t roduce shor t -dura t ion p igeonpea in ro ta t ion w i t h wheat i n
the h igh lands o f K e n y a , where temperatures are c o o l , were no t successful because the l o w
temperature caused a de lay in p igeonpea pheno logy and hence in ter fered w i t h the c ropp ing
sequence.
D u r i n g the i n i t i a l stages o f the Pigeonpea I m p r o v e m e n t Pro ject f o r Eastern and Southern
A f r i c a , we rea l ized that the requ i rements f o r p igeonpea var iet ies are speci f ic to the reg ion .
Variet ies in eastern and southern A f r i c a show a d i f fe ren t adaptat ion f r o m those in the Ind ian
sub-cont inent . M e d i u m - and l ong -du ra t i on var iet ies deve loped a t ICR ISAT-Pa tanche ru in
Ind ia and w h i c h have shown potent ia l there, o f ten per fo rmed poo r l y and were not a lways w e l l
adapted to the reg ion . La rge , c ream and speck led grains are pre fer red in the reg ion whereas
smal l to med ium-s ized b r o w n grains are the c o m m o n types in Ind ia . A reg iona l approach was
therefore requ i red to ensure that var iet ies deve loped are adapted to the reg ion and meet end
user requirements.
1. International Crops Research Inst i tute fo r the Semi -A r i d Tropics, PO B o x 39063, Na i rob i , Kenya
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Influence of Temperature and Photoperiod on Adaptation
F i ve strategic loca t ions i n K e n y a were used, represent ing bo th t rad i t i ona l ( K a t u m a n i ,
K i b o k o ) and non- t rad i t i ona l ( M o m b a s a , Kabe te , M u g u g a ) p i geonpea -g row ing areas.
A l t i t u d e a t the exper imen ta l sites va r i ed f r o m 50 m to about 2 1 0 0 m, w i t h co r respond ing
var ia t ion in temperature (Table 1). La t i t ude ranged f rom 1°10' to 4°25 ' S. There were three
l i gh t t reatments: natura l day leng th (about 12.6 h ) a t a l l loca t ions , and a r t i f i c i a l l y ex tended
day leng th o f 14.5 h ( K i b o k o , K a t u m a n i , Kabe te ) and 16 h ( K i b o k o and Kabete) . D a y l e n g t h
was extended by us ing 100 W incandescent bu lbs suspended 2 m above the g round and 1.5 m 
apart. T h e day leng th t reatments were s i ted at least 50 m f r o m each other. Th i s approach
a l l o w e d us to unders tand the in f luence o f temperature and pho tope r i od on c rop pheno logy
and y i e l d , and thus target var iet ies to areas o f the i r best adapta t ion.
Determination of germplasm for suitability. A large number of ge rmp lasm l ines f r o m the
reg ion , accessions f r o m the I C R I S A T genebank, and i m p r o v e d var iet ies deve loped m a i n l y
by I C R I S A T in I n d i a were eva luated a t K i b o k o under natura l day leng th to select l ines w i t h
acceptable g ra in character is t ics. T h e test mate r ia l was d r a w n f r o m a l l m a t u r i t y g roups,
ext ra-shor t , shor t - , m e d i u m - and l ong -du ra t i on . T h i s approach a l l o w e d us to exc lude l ines
w i t h unacceptable g ra in t ra i ts , m a i n l y sma l l (100-seed mass < 1 0 g ) b r o w n gra ins , and also
reduce the number o f accessions to manageable leve ls .
Modulation of phenology by temperature and photoperiod. G e r m p l a s m , i m p r o v e d
var iet ies, and accessions f rom d i f ferent parts o f the w o r l d in each dura t ion g roup were g r o w n
at f i ve locat ions (Table 1) to de te rmine the i r pe r fo rmance under v a r y i n g temperature and
pho toper iod . We measured env i ronmen ta l ef fects on pheno logy , the mos t impor tan t be ing
t ime taken to a par t i cu la r event . S u m m e r f i e l d et a l . ( 1991) descr ibed a series of mode ls used
to pred ic t pheno log i ca l events ( f l o w e r i n g in th is case) no t as t ime to f l o w e r ( f ) bu t rates o f





Season* Temperatures (°C) Rainfall
(mm)
Max M i n Mean
Mombasa 4° 25' 50 SR 31.4 23.2 27.3 370
LR 28.9 21.5 25.2 679
K iboko** 2° 20' 900 SR 29.4 17.7 23.5 464
LR 27.8 15.5 21.6 140
Katumani 1°35' 1560 SR 25.6 14.4 20.0 467
LR 23.6 12.9 18.2 244
Kabete 1°15' 1825 SR 24.6 12.9 18.7 478
LR 22.1 12.2 17.1 518
Muguga 1°10' 2100 SR 21.9 11.5 16.8 461
LR 19.5 10.1 14.9 500
* SR = Short rains (Oct-Feb); LR = Long rains (Apr-Sep)
** Received supplemental irrigation
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Table 2 . In f luence o f t empera ture on phenology o f p igeonpea o f d i f ferent d u r a t i o n
groups, K e n y a .
Days to 50% flowering


























• Ex t ra-shor t -dura t ion var iet ies deve loped by I C R I S A T - Patancheru in I nd ia ( 1 7 ° N ,
7 8 ° E , 500 m e levat ion) were the least sensi t ive to pho tope r iod and had the highest To of
26 °C . T i m e to f lower and mature is de layed by coo l temperature ; th is g roup is the mos t
sensit ive to l o w temperature.
• Shor t -durat ion var iet ies deve loped by ICR ISAT-Pa tanche ru are re la t ive ly insens i t ive to
photoper iod and had a h i g h To o f about 24° C. T i m e to f l o w e r and mature is de layed most
by coo l temperature.
• M e d i u m - d u r a t i o n germp lasm or var iet ies f r o m l o w - e l e v a t i o n areas near the equator are
sensit ive to day leng th and w i l l f l ower o n l y under shor t pho toper iod . T h e o p t i m u m
temperature fo r ear ly f lower ing is about 2 4 ° C . T h i s sens i t iv i ty to pho toper iod means that
med ium-du ra t i on var iet ies, i f p lan ted away f r o m the equator, w i l l f l o w e r on l y w h e n
day leng th is short , i.e. towards au tumn .
• M e d i u m - d u r a t i o n variet ies deve loped by ICRISAT-Pa tanche ru or in peninsular I nd ia are
sensi t ive to pho toper iod . O p t i m u m temperature f o r ear ly f l o w e r i n g i s about 22°C . L i k e
the prev ious g roup , these var iet ies, i f p lanted away f rom the equator, w i l l f lower on l y
w h e n day leng th is short .
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progress towards f l o w e r i n g ( i .e . 1/f, the rec ip roca l o f the t i m e taken) as in f luenced by
photoper iod and temperature. T h e temperature range in w h i c h p lant g r o w t h and deve lopment
occurs is character ized by a base temperature Tb b e l o w w h i c h the rate of deve lopment is zero,
an o p t i m u m temperature To a t w h i c h the rate of deve lopmen t is mos t rap id , and a wa rmer
ce i l i ng l i m i t T c e beyond w h i c h deve lopment again ceases ( S u m m e r f i e l d e t a l . 1991).
S im i l a r l y , f o r shor t -day p lants such as p igeonpea, f l o w e r i n g response to pho toper iod is
de f i ned by the c r i t i ca l pho toper iod Pc , w h i c h i s the day leng th beyond w h i c h f l o w e r i n g i s
de layed. W i t h fur ther increase in day leng th , a c e i l i n g pho tope r i od P c e i s reached, w h e n days
to f l o w e r i n g reaches a m a x i m u m (Summer f i e l d et a l . 1993). Rates of progress f rom sow ing to
f l o w e r i n g were ca lcu la ted as 1/f f o r each var ie ty , us i ng the p ro toco l deve loped by
S u m m e r f i e l d e t a l . (1991) .
Use o f the mode l made i t easy to de f ine the adaptat ion o f p igeonpea. I t showed that the
area where the ge rmp lasm was co l lec ted or the var ie ty was deve loped has a s t rong in f luence
on adaptat ion o f the p lant (Table 2) . T h e study l ed to the f o l l o w i n g conc lus ions . T h e groups
are l is ted in decreasing order o f sens i t iv i ty to temperature :
• L o n g - d u r a t i o n ge rmp lasm or var iet ies f rom near the equator or subt rop ics are sensi t ive
t o day leng th and w i l l f l o w e r on l y under short p h o t o p e r i o d . T h e o p t i m u m temperature
f o r ear l y f l o w e r i n g i s about 18°C. These var ie t ies are best su i ted to m e d i u m to h i g h
e leva t ion near the equator, and areas in the subt rop ics whe re day leng th is short and
temperatures are l o w d u r i n g winter .
• F o r l ong -du ra t i on ge rmp lasm or var iet ies f rom l o w - e l e v a t i o n areas in nor thern Ind ia , the
p lan t is subjected to large var ia t ions in cond i t i ons - temperatures are > 4 0 ° C in summer
and < 0 ° C in w in ter . Days are l o n g in summer and ve ry shor t ( < 1 1 hrs) in w in ter . These
var ie t ies are insens i t ive to temperature bu t sensi t ive to pho tope r i od . T h i s g roup can be
g r o w n in areas where there i s large va r ia t i on in tempera ture , and w i l l f l o w e r w h e n
day leng th is short .
W i t h i n each du ra t i on g roup we were able t o de te rm ine va r i a t i on i n response o f d i f fe ren t
genotypes to temperature and pho toper iod . W h i l e eva lua t i ng f o r adapta t ion , we were also
s imul taneous ly select ing fo r h i g h gra in y i e l d and b o l d c ream-co lo red seeds. I m p r o v e d , h i g h -
y i e l d i n g var iet ies o f k n o w n adaptat ion and w i t h fa rmer - and market -acceptab le trai ts have
been selected, cons t i tu ted i n to nurser ies, and targeted w h e r e they are mos t l i k e l y to do w e l l .
T h i s approach reduced the w o r k l o a d o f na t iona l p rog rams . As a resu l t , w i t h i n the short span
of o n l y 6 years, a number o f i m p r o v e d var iet ies have been i den t i f i ed by N A R E S ; some have
been released, w h i l e others are be ing tested o n - f a r m (Table 3) .
Screening for Disease Resistance
T h e m a j o r p igeonpea disease in the reg ion is f u s a r i u m w i l t (Fusarium udum Bu t l e r ) , w h i l e
cercospora leaf spot (Cercospora cajani Henn ings ) can also cause ser ious damage (Reddy et
a l . 1990). T h e pro ject used the p ro toco l deve loped at ICR ISAT-Pa tanche ru (Nene et a l . 1981)
to screen f o r w i l t resistance. A set o f ge rmp lasm, i m p r o v e d var ie t ies, accessions f r o m
di f fe rent parts o f the w o r l d , and resistant and suscept ib le cont ro ls were evaluated in w i l t - s i ck
p lo ts a t K i b o k o and K a t u m a n i i n K e n y a . Wi l t - res i s tan t var ie t ies w i t h acceptable
character is t ics were const i tu ted in to reg iona l nurser ies f o r fu r the r eva lua t ion by N A R S .
Resistant l ines i den t i f i ed in K e n y a were eva luated fu r the r i n w i l t - s i c k p lo ts deve loped in
M a l a w i and Tanzania. Fou r long-dura t ion ( I C P 9145 , I C E A P 0 0 0 2 0 , 0 0 0 4 0 , and 00053) and
f i v e m e d i u m - d u r a t i o n ( I C E A P 0 0 5 4 0 , 0 0 5 5 0 , 0 0 5 5 5 , 0 0 5 5 6 and 00557) wi l t - res is tant
var ie t ies i den t i f i ed us ing th is screening m e t h o d are n o w in o n - f a r m t r ia ls i n K e n y a , M a l a w i ,
M o z a m b i q u e , and Tanzania. A b reed ing p r o g r a m has been in i t i a ted to deve lop h i g h -
y ie ld ing ,w i l t - res is tan t l ines.
Integrated Pest Management
Surveys conduc ted i n K e n y a , M a l a w i , Tanzan ia , and U g a n d a have p rov i ded va luable
i n f o r m a t i o n on p igeonpea pest popu la t ions . Pod borers, p o d f l y , and pod -suck ing bugs were
iden t i f i ed as impor tan t constra ints, caus ing y i e l d losses v a r y i n g f r o m 17 to 2 7 % . S i l i m -
N a h d y e t a l . (1999) repor ted that pod hair iness reduced in fes ta t ion by bruch ids . Other reports
suggested that pods borne s ingu lar ly , as opposed to those in c lusters, suf fered l o w damage
from p o d borers. I t had also been suggested that ha rd pods reduced in festat ion by insect pests.
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Research has started on screening ge rmp lasm fo r resistance to insect pests and in
de te rm in ing the mechanisms o f resistance. Eventua l l y , these components w i l l be comb ined
in to an in tegrated pest management strategy.
Breeding Varieties for Different End-User Needs
We n o w k n o w the in f luence o f temperature and pho toper iod on pe r fo rmance o f d i f ferent
dura t ion g roups , and also the extent o f genotyp ic var ia t ion w i t h i n each dura t ion group.
A l t h o u g h i t i s n o w k n o w n that the pheno logy o f ext ra-shor t and shor t -dura t ion var iet ies i s
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Tab le 3 . Var iet ies selected by nat iona l p r o g r a m s fo r o n - f a r m testing or release.






































de layed by c o o l temperatures, there are no var iet ies that mature su f f i c ien t l y q u i c k l y in c o o l
env i ronments - yet these are h i g h potent ia l areas where p igeonpea can g i ve ve ry h i g h y ie lds .
In coo l env i ronments where l ong -du ra t i on p igeonpea i s in te rc ropped w i t h ma i ze , p igeonpea
y ie lds are reduced because pheno logy is accelerated and plants do no t recover f u l l y f r o m
c o m p e t i t i o n w i t h ma ize . There i s need to deve lop l ong -du ra t i on var ie t ies w i t h s l ower
pheno logy that w o u l d ma tu re later than ma ize , thus reduc ing c o m p e t i t i o n and inc reas ing
p igeonpea y i e l d . There are f e w i m p r o v e d var iet ies w i t h resistance to diseases; and i f there
were to be a m a j o r disease p r o b l e m , we m a y lose t hem. In add i t i on , the reg ion cu r ren t l y does
not have fa rmer and marke t acceptable ext ra-shor t o r shor t -dura t ion var iet ies w i t h resistance
to f usa r i um w i l t .
B u i l d i n g on the k n o w l e d g e ga ined , a b reed ing p r o g r a m is underway w i t h the f o l l o w i n g
object ives:
• Fo r shor t -dura t ion var iet ies, ma in ta i n i ng key trai ts ( re la t ive insens i t i v i t y to pho tope r i od ,
ear ly f l o w e r i n g and m a t u r i t y ) and i nco rpo ra t i ng the ab i l i t y to g r o w and matu re ear ly a t
l o w temperature. T h i s w o u l d p e r m i t fa rmers t o g r o w p igeonpea a t h i g h e leva t ion and
lat i tude.
• F o r m e d i u m - d u r a t i o n var ie t ies, m a i n t a i n i n g o p t i m u m temperature fo r t i m e to f lower a t
about 2 4 ° C , and inco rpo ra t i ng re la t ive insens i t i v i t y to pho toper iod . T h i s w i l l ensure that
i f the c rop i s g r o w n in areas away f r o m the equator bu t w i t h i n la t i tude 2 0 ° N o r S ,
f lower ing is not de layed by l o n g days d u r i n g summer.
• Fo r l ong -du ra t i on var iet ies be ing deve loped , the ob jec t i ve is to incorpora te de lay in
m a t u r i t y a t l o w temperature . T h i s w i l l a l l o w fa rmers i n h i g h e leva t ion areas to in te rc rop
maize w i t h long-dura t ion p igeonpea, such that maize matures ear l ier than p igeonpea, thus
reduc ing compe t i t i on between the t w o crops.
• Fo r l ong -du ra t i on var ie t ies, w i d e n the genet ic base by i nco rpo ra t i ng w i l t resistance i n to
h i g h - y i e l d i n g but suscept ible var iet ies.
Ob jec t i ves one to three (above) i n v o l v e d m a k i n g crosses between the best shor t -dura t ion
var ie ty I C P L 87091 and the best l ong -du ra t i on var iet ies ( I C P 13076, I C E A P 0 0 0 2 0 , I C E A P
00040) that have resistance to fusa r ium w i l t . T h e long-dura t ion variet ies are o f A f r i c a n o r i g i n
w h i l e the shor t -durat ion var ie ty i s o f I nd ian o r i g i n . T h e progenies in d i f ferent dura t ion groups
are be ing tested a t t w o locat ions in K e n y a ; K i b o k o ( w a r m , 9 8 0 m a l t i tude) and Kabete ( c o o l ,
1825 m a l t i tude) and the results are ex t reme ly e x c i t i n g :
• F o r shor t -dura t ion types, w h i c h are n o w in F 5 the Pro ject has i den t i f i ed progenies w h i c h
are insens i t ive to c oo l temperature and Whose pheno logy is not de layed in coo l
env i ronments . In add i t i on , seed mass has been increased substant ia l ly .
• Fo r l ong -du ra t i on types, w h i c h are in F 5 , y ie lds are substant ia l ly h igher than the parents,
and seed mass has no t been reduced. In add i t i on , progenies have been i d e n t i f i e d that
matu re later than the long -du ra t ion parents in coo l env i ronments (Table 4 ) .
• Progenies w i t h to lerance to f u s a r i u m w i l t have been i den t i f i ed in a l l du ra t i on groups .
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Tab le 4 . P e r f o r m a n c e of l o n g - d u r a t i o n genotypes u n d e r deve lopment ( f 5 generat ion)
a t K a b e t e , K e n y a , 1998 /99 c ropp ing season.
Genotype Days to Days to Plant 100-seed Grain




IAPX 95001-18-2-13-F5B 120 177 172 24.3 6.72
IAPX 95001-19-3-10-F5B 111 172 164 20.5 6.29
IAPX 95002-7-18-10-FB5 114 172 156 19.0 5.51
IAPX 95001-16-2-11-F5B 114 172 192 19.5 5.22
IAPX 95001-13-7-14-F5B 119 177 160 21.8 5.00
IAPX 95001-11-20-19-F5B 119 177 173 21.4 5.16
IAPX 95001-21-14-7-F5B 115 172 205 20.1 5.13
IAPX 95001-17-8-21-F5B 120 178 138 22.4 '4.43
IAPX 95001-16-13-10-F5B 102 167 163 19.3 4.18
IAPX 95002-9-32-18-F5B 113 172 159 22.7 3.99
IAPX 95002-8-12-8-F5B 113 172 137 20.9 3.89
IAPX 95002-11-14-9-F5B 112 170 142 19.3 3.26
IAPX 95001-6-16-15-F5B 113 172 125 17.6 2.94
IAPX 95001-18-2-14-F5B 112 170 158 18.3 2.86
IAPX 95001-14-7-10-F5B 101 167 128 19.3 2.61
ICEAP 00053 114 170 141 19.6 2.46
IAPX 95001-17-8-25-F5B 115 112 170 113 19.4 2.43
IAPX 95001-21-25-10-F5B 113 170 165 17.7 2.41
ICEAP 00020 114 170 156 20.2 2.29
ICEAP 00040 111 170 126 19.9 2.28
Grand Mean 113 172 154 20.1 3.96
SE± 0.9 1.1 9.6 0.9 0.79
CV(%) 1.1 0.9 8.8 6.5 27.8
f5 generation; crosses made between short-duration ICPL 87091 and long-duration varieties (ICEAP 00020,
ICEAP 00040, ICP 13076)
Priorities for the Future
Pigeonpea w i l l con t inue to be g r o w n by fa rmers w h o are resource-const ra ined; and bo th
green peas and dry g ra in w i l l r ema in impor tan t . Eastern A f r i c a is a secondary center o f
d ivers i ty , where the c rop has d is t inc t character ist ics and speci f ic adaptat ion. A breed ing
strategy spec i f ica l ly f o r the reg ion is therefore necessary.
Dual purpose extra-short and short-duration varieties
Ef fo r ts w i l l need to target fa rmers w i t h re la t i ve ly better resources and more endowed
env i ronments , w i t h var iet ies a i m i n g a t the green pea and d ry g ra in markets . W i t h o u t pest
resistance, j u d i c i o u s use o f pest ic ides w i l l con t inue to be the o n l y w a y to con t ro l pests.
Inco rpo ra t i on o f insens i t i v i t y to coo l temperatures w i l l a l l o w the expans ion o f th is dura t ion
g roup in to h igh -e leva t ion areas near the equator and h igh- la t i tude areas where p igeonpea
cur ren t l y cannot be g r o w n due to coo l temperatures d u r i n g the reproduc t i ve stage. I t i s
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env isaged that w i t h i n tens i f i ca t i on o f p r o d u c t i o n , f u s a r i u m w i l t w i l l become a m a j o r
const ra in t - and con t ro l shou ld there fore be an impor tan t p r i o r i t y . Use o f mo lecu la r b i o l o g y
approaches to a l lev iate b io t i c and ab io t i c constra ints shou ld also be exp lo red , par t i cu la r l y f o r
con t ro l o f pests. T h i s w i l l i n v o l v e co l l abo ra t i on w i t h advanced research ins t i tu t ions .
Medium-duration varieties
M e d i u m - d u r a t i o n var iet ies are m o s t l y in te rc ropped, and g r o w n i n areas w i t h w a r m
temperatures unsui tab le f o r l ong -du ra t i on var iet ies. Near the equator, e f for ts shou ld focus on
deve lop ing var iet ies w i t h g o o d ra toonab i l i t y so that farmers can ob ta in t w o crops a year. T h e
m a j o r benef ic iar ies w i l l be K e n y a , Uganda , and Tanzania. I n cu r ren t l y ava i lab le m e d i u m -
du ra t i on var ie t ies, pheno logy i s de layed in areas away f r o m the equator, e.g. M a l a w i and
M o z a m b i q u e . T h u s , we are unab le to ex tend p roduc t i on i n to non- t rad i t i ona l areas where
long-dura t ion var iet ies fa i l due to t e rm ina l d rought . I t i s impor tan t to incorporate insensi t iv i ty
to pho toper iod in med ium-du ra t i on types. T h e ma jo r benef ic iar ies w i l l be southern Tanzania,
m i d d l e M a l a w i ( L i l o n g w e p la teau) , nor thern M o z a m b i q u e , Sudan , E t h i o p i a , and Er i t rea.
W i l t resistance and to lerance to insect pests shou ld a lso be incorpora ted , us ing
b io techno log ica l too ls where conven t iona l approaches are unsuccessfu l .
Long-duration varieties
These variet ies are mos t l y in terc ropped, and g r o w n in l ow- la t i t ude , h igh-e levat ion areas (near
the equator, > 9 0 0 m) and in areas s l i gh t l y away f r o m the equator ( w i t h i n 1 7 ° N and S) where
temperatures are w a r m d u r i n g the vegeta t ive stage and c o o l d u r i n g the reproduc t i ve stage.
E f fo r t s shou ld be con t i nued in d e v e l o p i n g i m p r o v e d var ie t ies i nco rpo ra t i ng h i g h y i e l d ,
acceptable g ra in character ist ics, resistance to diseases, m a i n l y f usa r i um w i l t , and tolerance to
insect pests. W h e r e a conven t iona l approach is not possib le, b io techno log ica l tools shou ld be
used. F o r areas near the equator w i t h e leva t ion > 1 4 0 0 m, and where ma ize i s the m a i n c rop ,
research shou ld a i m to incorpora te insens i t i v i t y to coo l temperature to a l l o w the c rop to
mature later and thus reduce c o m p e t i t i o n between ma ize and p igeonpea.
Vegetable pigeonpea
There is a g r o w i n g n iche marke t f o r green (vegetable) p igeonpea. No var iet ies have been
spec i f i ca l ly bred fo r th is marke t , bu t dual -purpose variet ies have been f ound to be acceptable.
We are s t i l l i n the process o f ge t t i ng i n f o r m a t i o n on marke t needs, t rai ts associated w i t h
qua l i t y , she l f l i f e etc, w h i c h w i l l be used to deve lop var iet ies spec i f i ca l l y f o r vegetable
pigeonpea.
Hybrid pigeonpea
As the c rop becomes m o r e c o m m e r c i a l i z e d , y i e l d , marke t t ra i ts , and seed issues w i l l become
increas ing ly impor tan t . Pr iva te seed compan ies w i l l become interested i n p igeonpea on l y i f
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there i s the potent ia l f o r d e v e l o p i n g h y b r i d s . T h e techno logy i s ava i lab le in I C R I S A T -
Patancheru and shou ld be t ransfer red to the reg ion .
Protecting biodiversity and collections
G i v e n the present l o w number of ex situ co l lec t ions f rom the reg ion , i t is h i g h l y probable that
t rad i t iona l ge rmp lasm f r o m the r eg i on w i l l be lost i f fa rmers were to sh i f t (even in the short
term) to new crops or var iet ies. T h e extent o f genet ic erosion is not k n o w n and the uniqueness
of the mater ia l has not been de te rm ined . As we deve lop new var iet ies, we need to ensure that
loca l ge rmp lasm is preserved t h rough co l lec t ions , charac ter iza t ion , and preservat ion in
regional genebanks, and t h rough agreements a dup l icate sample deposi ted w i t h I C R I S A T .
Teamwork
I C R I S A T bel ieves research shou ld be d e m a n d d r i ven and that each research par tner shou ld
b r i ng in a compara t i ve advantage. A ca re fu l analys is as the s tar t ing po in t of a co l labora t i ve
pro ject generates conf idence a m o n g partners as w e l l as deve lopment investors. T h i s process
requires the par t i c ipa t ion o f N A R S , c i v i l society, p r iva te sectors, N G O s , advanced research
inst i tutes, and farmers , to ensure that the w o r k remains re levant and on t rack.
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Introduction
Pigeonpea is p robab l y the mos t impor tan t g ra in l egume in the semi -a r id areas o f Eastern
A f r i c a . Repor ts ind ica te that i t i s g r o w n in 37 A f r i c a n count r ies a t a l t i tudes rang ing f rom sea
leve l t o 2 0 5 0 m. T h e lead ing producers i n A f r i c a are K e n y a (164 ,000 ha) , Uganda (113 ,000
ha) , M a l a w i (110 ,000 ha) , Tanzania (33 ,000 ha) and M o z a m b i q u e . Pigeonpea i s m a i n l y
p roduced by sma l lho lde r fa rmers i n m ix tu res w i t h ma ize , so rghum, co t ton , f i nger m i l l e t , and
other legumes such as beans. In mos t parts of A f r i c a , p igeonpea is g r o w n as a mu l t i - pu rpose
gra in l egume ; eaten as g ra in or as a vegetable.
Yield-Limiting Factors and Breeding Objectives
G r a i n y i e l d on fa rmers ' f ie lds i n Eastern A f r i a average 4 5 0 - 6 7 0 kg h a 1 , compared t o 2.6-4.3
t ha-1 repor ted f rom research t r ia ls in K e n y a ( O n i m and Ruha ihayo 1975, O n i m 1984) . A 
number o f b io t i c and ab io t ic constra ints con t r ibu te to th is gap be tween potent ia l and actua l
y ie lds . Cor respond ing ly , the ma jo r object ives o f p igeonpea breeding programs in the reg ion
inc lude:
• Gra in y i e l d
• Ear l y ma tu r i t y and reduced he ight
• Resistance to diseases, especia l ly f usa r i um w i l t
• Resistance to insect pests, espec ia l ly p o d borers , p o d suckers, and p o d f l y
• Seed character is t ics, especia l ly size and co lo r
• Tolerance to d rough t
• Su i tab i l i t y f o r i n te rc ropp ing
• Enhanced n i t rogen f i x i n g po ten t ia l and su rv i va l in i n fe r t i l e soi ls
• Specia l -purpose var iet ies f o r agroforest ry and forage types
• Adap ta t i on to d i f fe ren t eco log ica l zones.
Yield potential U n t i l the ear ly 1980s no i m p r o v e d var ie t ies were avai lab le to farmers in the
reg ion . A l t h o u g h several i m p r o v e d var iet ies are n o w ava i lab le , adop t ion i s l i m i t e d and mos t
fa rmers g r o w l o w - y i e l d i n g , l a te -matu r ing landraces. Y ie l ds o f up to 4 .6 t h a 1 have been
repor ted in o n - f a r m t r ia ls o f new var ie t ies, i nd i ca t i ng that p r o d u c t i v i t y can be substant ia l ly
i m p r o v e d w i t h new var iet ies and better c rop management .
Early maturity. La te -ma tu r i ng var iet ies ( t yp i ca l l y 8-11 mon ths ) leave fa rmers w i t h l i t t l e
t i m e to prepare the f i e l d f o r the nex t c rop . To a v o i d such de lays farmers o f ten p lan t w i d e l y
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spaced r o w s o f p igeonpea, and s o w other fas t -ma tu r ing crops i n be tween ( w i d e r o w spac ing
also fac i l i ta tes l and prepara t ion and weed ing ) . T h e l o n g dura t ion m a y be a d isadvantage f o r
subsistence fa rmers w h o have to w a i t near ly a year to harvest. Var ie t ies w i t h d i f fe ren t
ma tu r i t y durat ions shou ld be deve loped to f i t d i f fe rent c ropp ing systems and agro-eco log ica l
zones, bu t ea r l y -ma tu r i ng cu l t i va rs shou ld be g i ven p r io r i t y .
Plant height. M o s t l oca l var ie t ies are ta l l (over 2 m ) , and are thus d i f f i c u l t to harvest and
spray. T h e y cannot be g r o w n in c lose associat ion w i t h shorter plants due to shading effects
unless w ide spacing is used or by exp lo i t ing their s low ear ly growth. They also tend to lodge -
therefore short or medium-statured varieties may be more desi rable.
Diseases. Several p igeonpea diseases have been repor ted in Eastern A f r i c a . Fusa r i um w i l t
i s by fa r the mos t impo r tan t : K a n n a i y a n e t a l . ( 1984) repor ted inc idence o f 5 - 6 0 % in K e n y a
and 3 6 . 3 % in M a l a w i ( range 0 - 9 0 % ) . Lea fspo t caused by Mycovellosiella cajani causes
severe de fo l i a t i on and y i e l d losses o f up to 8 0 % especia l ly d u r i n g w e t years ( O n i m 1981). I t
has been repor ted as a ser ious p r o b l e m in K e n y a , Z a m b i a , and Uganda . C h e m i c a l con t ro l is
o f ten no t v iab le f o r subsistence fa rmers ; the best op t i on is p robab l y the deve lopmen t o f
resistant var iet ies.
Insect pests. P igeonpea is a t tacked by a number of insect pests. Pod borers (H . armigera, 
M. vitrata), p o d suckers (C . tomentosicollis), and the p o d f l y M. chalcosoma are the most
ser ious, caus ing losses o f 2 6 - 6 3 % . M o s t fa rmers do no t spray the i r crops due to the h i g h cost
o f insect ic ides. Consequent ly , y i e l d losses w i l l depend on in fes ta t ion leve ls and the natura l
to lerance o f the p lan t . E f f o r t s to deve lop pest-resistant var iet ies have m e t w i t h l i t t l e success;
and there i s s t i l l l i m i t e d unders tand ing o f insect-host re la t ionsh ips and con t ro l methods.
There is an urgent need to deve lop p igeonpea var iet ies to lerant o f b o t h f i e l d and storage pests
as a componen t of in tegrated pest management strategies.
Seed and pod characteristics. Consumers and producers in the reg ion pre fer la rge, w h i t e /
c ream seeds and large pods (5 -7 seeds/pod). M u c h o f the loca l ge rmp lasm is large-seeded,
w i t h 100-seed mass > 1 5 g , and can be used to deve loped i m p r o v e d cu l t i va rs w i t h the
necessary character ist ics.
Drought stress. P igeonpea is g r o w n m a i n l y in semi-ar id areas w i t h unre l iab le ra in fa l l , where
c rop fa i lures are f requent . A l t h o u g h p igeonpea is d rough t to lerant , i t g r o w s best w i t h ra in fa l l
o f 600 -1000 m m . Y ie l ds are substant ia l ly reduced under d rough t . T h i s can be ove rcome by
deve lop ing ei ther ea r l y -ma tu r i ng var ie t ies o r var iet ies w i t h to lerance to d rough t .
Soil fertility. A l t h o u g h p igeonpea g r o w s on a w i d e range of so i l types i t g ives o p t i m u m
resul ts in deep l o a m , a lmos t neut ra l so i ls o f pH range 5-7 . So i ls outs ide th is range o r those
l a c k i n g nutr ients w i l l no t p roduce g o o d y ie lds . M o s t sma l lho lders do not app ly fe r t i l i ze r on
p igeonpea; and a n i m a l manu re is no t used in adequate quant i t ies . P igeonpea also suffers
because o f bad ly d ra ined so i ls .
Crop management. La te p lan t i ng , inadequate weed ing , poor land preparat ion, and l o w p lant
popu la t ions cont r ibu te to the l o w y ie lds . Future ef for ts in Eastern A f r i c a mus t concentrate on
d isseminat ing the i m p r o v e d techno log ies already avai lab le.
Agroforestry and soil conservation. P igeonpea is a mu l t i pu rpose w o o d y l egume w i t h great
po ten t ia l i n agroforest ry . T h e p lan t suppl ies not on l y f o o d , but a lso fo rage and w o o d f o r
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f u e l , f enc ing and cons t ruc t ion mater ia ls . T h e deep roo t system also helps in s tab i l i z i ng so i l
conservat ion terraces.
Adaptability. P igeonpea is successfu l ly g r o w n in a range of env i ronmen ts , bu t each
matu r i t y g roup has its spec i f ic area o f adapta t ion . Pheno logy is a f fected cons iderab ly by
temperature (a l t i tude) and day leng th ( la t i tude) , and var iet ies c o u l d f a i l t o f l owe r o r y i e l d i f
g r o w n outs ide the i r areas o f adapta t ion . I t i s therefore impor tan t to test new var ie t ies over as
w i d e an area as possib le to de te rm ine the areas o f o p t i m u m p roduc t i v i t y . I t w o u l d also be
usefu l to def ine and character ize p i g e o n p e a - g r o w i n g env i ronments in the reg ion so that
breeders can target cu l t i vars to spec i f i c env i r onmen ts .
Socio-economic factors. P r i c i n g , m a r k e t i n g , and in f ras t ruc ture i nd i rec t l y de te rm ine h o w
m u c h e f fo r t and inves tment fa rmers w i l l m a k e i n p igeonpea p r o d u c t i o n . The re are no
organ ized marke t i ng systems fo r p i geonpea ; expor t markets have no t been exp lo i t ed f u l l y ,
and p r i ce incent ives are l i m i t e d . Poo r roads , poo r seed de l i ve ry systems, and l ack o f storage
and t ransport fac i l i t ies m a k e i t d i f f i c u l t f o r fa rmers to in tens i fy p roduc t i on . L a b o r shortages
are severe, because most ch i ld ren and y o u n g adul ts , w h o t rad i t iona l l y p r o v i d e d f a m i l y labor,
have m ig ra ted to urban areas.
Development of Pigeonpea Breeding Programs
T h e earl iest p igeonpea p rog ram i n Eastern A f r i c a was in i t i a ted i n U g a n d a i n 1968. T w o
programs were later started in K e n y a in 1975 and 1980; and subsequent ly in o ther count r ies
in the reg ion .
Breeding methods in Eastern Africa
M o s t nat ional p igeonpea breed ing p rog rams in Eastern A f r i c a are in the i r ear ly stages. These
programs have general ly f o l l o w e d a s im i l a r pat tern f rom in t roduc t ion , th rough mass select ion
to hyb r i d i za t i on and se lect ion, w i t h a co r respond ing degree o f c o m p l e x i t y and demand f o r
sk i l l s and resources.
Introduction. V i r t ua l l y a l l p rog rams started by in t roduc ing cu l t i vars and advanced breed ing
l ines f r o m I C R I S A T - I n d i a and other d iverse sources. In many cases, the mater ia ls in t roduced
between 1970 and 1990 fa i l ed to meet f a rmers ' requ i rements ( large c ream or w h i t e seeds);
and adop t ion was poor. In the ear ly 1990s, I C R I S A T p r o v i d e d whi te -seeded l ines, some o f
w h i c h were released in the late 1990s.
Mass selection. In a f ew cases, the i n t roduced ea r l y -ma tu r i ng ge rmp lasm was g r o w n
together w i t h loca l l ong -du ra t ion landraces. T h i s generated segregat ing popu la t ions w i t h
var iab le ma tu r i t y dura t ion (Shakoor e t a l . 1983) . T h e m e d i u m - d u r a t i o n K a t 60 /8 , w h i c h i s
n o w g r o w n by farmers in K e n y a and U g a n d a , was selected f rom such a popu la t i on . L o c a l
landraces were also co l lec ted and select ions made ei ther th rough s imp le mass se lect ion or
mass select ion w i t h p rogeny tes t ing ( O n i m 1981) . G e r m p l a s m co l l ec t i on miss ions were
concentrated in Kenya , Tanzania, and M a l a w i . Select ions f r o m landraces were evaluated bo th
on-s ta t ion and o n - f a r m . L o n g - d u r a t i o n cu l t i va rs such as M u n a a and K i o k o (released in
Kenya ) and I C P 9145 (released in M a l a w i ) are selections f rom loca l landraces. Others such as
23
I C E A P 00068 and I C E A P 0 0 0 4 0 , b o t h selected f r om landraces, have been r e c o m m e n d e d f o r
release.
Hybridization and selection
O n l y a f e w na t iona l p rog rams ( K e n y a , M a l a w i ) have been successful i n c o m b i n i n g use fu l
t ra i ts f rom the d iverse ge rmp lasm i n t o n e w cu l t i va rs . I n t r o d u c t i o n and mass se lec t ion l i m i t s
the breeder to i den t i f i ca t i on o f the best geno type in the b reed ing co l l ec t i on . M o s t na t iona l
p rog rams have no organ ized b reed ing scheme w i t h p r o v i s i o n f o r c rea t ing segregat ing
popu la t ions f rom w h i c h use fu l recombinan ts can be selected. Deve lopmen t o f we l l -des igned
breed ing p rograms w i l l be a m a j o r cha l lenge f o r A f r i c a n p igeonpea breeders in th is
m i l l e n n i u m .
A n o t h e r cha l lenge is the h i g h degree of ou tc ross ing in p igeonpea; as a resul t b reed ing
procedures d i f fe r f rom those used f o r p r e d o m i n a n t l y se l f -po l l i na ted crops ( K i m a n i 1987) .
Ou tc ross ing also poses ser ious p r o b l e m s in the ma in tenance o f pure l ines under open -
po l l i na ted cond i t i ons . C o n t r o l l e d p r o d u c t i o n o f se l f -po l l i na ted seed by bagg ing , w h i l e
necessary f o r m a i n t a i n i n g pu r i t y , i s cos t ly , t i m e - c o n s u m i n g , and produces o n l y l i m i t e d
amounts o f seed. T h i s m e t h o d is not e c o n o m i c a l f o r large-scale seed p roduc t i on .
Review of Breeding Programs in the Region
T h e f o l l o w i n g sect ion r ev i ews the m o r e i m p o r t a n t p igeonpea breed ing p rog rams i n
the reg ion .
Makerere program, Uganda
T h e f i r s t p igeonpea p r o g r a m in the r eg i on was i n i t i a ted in 1968 a t Make re re Un i ve r s i t y ,
Uganda , t o breed shor t -dura t ion , h i g h - y i e l d i n g cu l t i va rs o f the d r y g ra in t ype . Since m o s t o f
U g a n d a has t w o d is t inc t g r o w i n g seasons, shor t -du ra t ion cu l t i va rs w o u l d enable fa rmers to
p lan t t w o p igeonpea crops in a year, o r a l te rna t i ve ly f i t i t i n t o ro ta t ions in a doub le c r o p p i n g
sys tem ( K h a n and Rach ie 1972).
G e r m p l a s m was co l lec ted f rom I n d i a , the Ca r i bbean , the Ph i l i pp ines , and other sources.
T h e co l l ec t i on o f about 5 4 0 0 accessions was eva lua ted , and 5 0 0 selected f o r b reed ing w o r k .
B r e e d i n g methods at M a k e r e r e emphas ized i n t r o d u c t i o n , se lect ion, and to a lesser ex tent
hyb r i d i za t i on . S ing le -p lan t select ions f rom the g e r m p l a s m and f r o m segregat ing popu la t ions
were eva lua ted ; and reasonably u n i f o r m e l i te l ines were bu l ked and entered in y i e l d t r ia ls
d u r i n g 1969 and 1970.
A number o f h igh -y ie ld ing l ines were iden t i f i ed , represent ing t w o plant types: " s p r a y " and
" b u s h " types. " S p r a y " types had secondary branches a lmos t as l o n g as the m a i n s tem, w i t h
very l i t t l e ter t iary b ranch ing ( i .e . spreading types). T h e erect bush type was recommended f o r
reduced r o w spac ing ( 8 0 c m ) , w h i c h increased p lan t popu la t ions and hence gave h ighe r
y ie lds . T h e new l ines gave y ie lds substant ia l ly h i ghe r than the nat iona l average ( D u n b a r
1969). M o s t o f these p r o m i s i n g l ines we re o f I nd i an parenta l s tock but thei r y ie lds i n Uganda
were modes t compared t o the h i g h y i e l ds repor ted i n I n d i a .
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Population improvement Make re re started a popu la t i on b reed ing p rog ram that was
be l ieved to be m o r e appropr ia te due to the h i g h ou tc ross ing , easier to conduc t , and o f fe red
consistent improvemen ts in fu tu re ( K h a n 1973) . T h e natura l popu la t i ons in Uganda had a 
rather restr ic ted base. T w o populations were therefore fo rmed, an Early Composite and a M e d i u m
Compos i te .
T h e Ugandan p r o g r a m was d is rup ted by c i v i l s t r i fe be tween 1973 and 1986. Some o f the
mater ia ls were used to in i t ia te the b reed ing p r o g r a m a t the U n i v e r s i t y o f N a i r o b i in 1975.
Nairobi and Katumani programs, Kenya
Pigeonpea improvemen t w o r k was in i t ia ted a t the Depar tment o f C r o p Science, Un ive rs i t y o f
N a i r o b i , in 1975 and the Na t i ona l D r y l a n d F a r m i n g Research Cent re , K a t u m a n i , in 1979. T h e
ear ly stages o f the p r o g r a m focused on g e r m p l a s m co l l ec t i on and eva lua t i on , f o l l o w e d by
select ion and later on hyb r i d i za t i on and se lect ion.
Germplasm collection. Co l lec t i ons have been made in v i r t u a l l y a l l p rov inces of K e n y a .
Be tween 1975 and 1977 ,607 accessions were co l lec ted by the Un i ve rs i t y o f N a i r o b i t h rough
loca l co l lec t ions , and f r o m Make re re , I C R I S A T - I n d i a , I I T A - N i g e r i a , Un i ve r s i t y o f West
Ind ies , T r i n i d a d , and Sudan. Th i s ge rmp lasm showed t remendous va r iab i l i t y f o r var ious
agronomic characters and one entry was comple te ly male steri le. M o r e accessions were added
in 1997 and the co l l ec t i on n o w has about 1000 accessions.
Selection from local landraces. G e r m p l a s m co l lec ted in f a rmers ' f i e lds was evaluated in
1977 and several s ing le plants were selected and se l fed. In o n - f a r m tests, loca l and i m p r o v e d
cu l t i va rs (s ing le p lan t select ions) p e r f o r m e d s i m i l a r l y in mos t character is t ics except g ra in
y i e l d , where the select ions y ie lded 9 4 % m o r e than loca l cu l t i va rs .
Population improvement. Th i s approach was used because of the h i g h degree of
outcross ing. O n i m (1981) compared t w o popu la t ion i m p r o v e m e n t methods, namely s t rat i f ied
mass select ion ( S M S ) and mass select ion w i t h p rogeny test ing ( M S P T ) . These methods were
evaluated on an ea r l y -ma tu r i ng compos i te popu la t i on be tween 1975 and 1978. T h e
compos i tes , o r i g ina t i ng f r o m the Make re re U n i v e r s i t y p r o g r a m , we re evaluated after t w o to
fou r cycles o f select ion fo r gra in y i e l d and d rought to lerance. In a w e t season, the un imp rove d
popu la t i on y ie lded as w e l l as the S M S - C 4 and M S P T - C 2 i m p r o v e d popu la t ions ; bu t the
i m p r o v e d popu la t ions were super ior in a d r y season. B o t h popu la t i on methods were
successful i n i m p r o v i n g g ra in y i e l d under marg ina l r a i n fa l l cond i t i ons . Progress per cyc le
was 2 . 3 % for S M S popula t ions after fou r cyc les o f se lect ion, compared to 4 . 3 % under M S P T .
T h e s l igh t ly better response in M S P T was at t r ibuted to p rogeny test ing and a h igher select ion
pressure o f 5% versus 1 0 % in S M S . T h e S M S m e t h o d was j u s t as g o o d as M S P T , takes a 
shorter t ime per cyc le , and is easier to operate.
Development of early-maturing cultivars. U n t i l the ear ly 1980s, no ea r l y -ma tu r i ng
p igeonpea cu l t i vars were avai lab le to fa rmers in K e n y a . Ear l ie r at tempts to popular ize ear ly -
m a t u r i n g cu l t i vars f rom Ind ia fa i l ed because fa rmers re jec ted the var iet ies - despi te the i r
ear ly ma tu r i t y and short stature - due to seed size and color . A l s o , the I nd ian cu l t i va rs were
not sui table f o r i n te rc ropp ing , l os ing u p t o 8 0 % o f the i r g ra in y i e l d w h e n in terc ropped w i t h
ma ize ( O n i m 1981).
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T h e f i r s t ea r l y -ma tu r i ng cu l t i va r deve loped i n K e n y a was N P P 6 7 0 , w h i c h o r ig ina ted
f rom crosses made in 1977 be tween ea r l y -ma tu r i ng l ines f rom I C R I S A T and l o c a l l y adapted
landraces. I t has been adopted i n par ts o f M b e e r e , M a c h a k o s , E m b u , and K i t u i d is t r ic ts ,
w h e r e i t i s popu la r l y k n o w n as ' K a t u m a n i ' p igeonpea. I t i s popu la r p r i m a r i l y because o f i ts
ear ly m a t u r i t y and large c ream seeds (19 g per 100 seeds). N P P 6 7 0 y ie lds about 1 t h a 1 on
fa rmers ' f i e lds , b u t is h i g h l y suscept ib le to insect pests - sp ray ing is essent ia l .
S ince farmers va lue other trai ts in add i t i on to earl iness, at tempts we re made in 1983/84 to
c o m b i n e seed trai ts f r o m loca l ma te r ia l w i t h earl iness f rom I n d i a n genotypes th rough
con t ro l l ed cross ing in the glasshouse, and in a nursery establ ished at K i b o k o . T h e segregat ing
popu la t ions were advanced to F 7 th rough b u l k breed ing procedures, p r o m i s i n g l ines tested fo r
w i l t to lerance, and y i e l d t r ia ls conduc ted a t several locat ions. T h e selected l ines were shorter
and ma tu red m u c h ear l ie r than the l oca l l ong -du ra t i on i m p r o v e d and t rad i t i ona l var ie t ies.
T h e y are large seeded (>13 .5 g per 100 seeds), bu t seed mass is l o w e r than that o f check
cu l t i va rs . A l l the l ines are to lerant to w i l t ; three l ines showed a h i g h degree o f resistance.
T h e y we re s im i l a r t o N P P 6 7 0 i n ma tu r i t y du ra t i on and p o d size, and gave h igher y ie lds .
Tanzania
Pigeonpea research in Tanzan ia started in the ear ly 1960s, w h e n var ie t ies co l l ec ted f rom
U k i r i g u r u (Tanzania) were g r o w n in observa t ion p lo ts a t the A g r i c u l t u r a l Research Ins t i tu te
( A R I ) , I Ionga i n 1962/63 t o screen fo r w i l t resistance. Th i s w o r k was d i scon t inued f o l l o w i n g
the depar ture o f scient ists i n v o l v e d in c rop research, bu t resumed in 1974/75 w h e n the
N a t i o n a l G r a i n Legumes Research P rog ram ( G L R P ) was started a t A R I - I l o n g a . S i x t y l ines,
i n c l u d i n g s ix d w a r f , shor t -dura t ion genotypes f rom I C R I S A T , we re eva lua ted that season.
These lines formed few or no branches, f rui ted profusely on the m a i n s tem, and the best l ines gave
gra in y ie lds of up to 2 t ha - 1 ( L a x m a n S ingh 1990).
T h e next phase began in 1986/87 w h e n a Pigeonpea G e r m p l a s m In te rna t iona l T r i a l was
conduc ted j o i n t l y w i t h I C R I S A T scient ists a t A R I - I l o n g a , G a i r o ( K i l o s a d i s t r i c t ) , and the
Soko ine U n i v e r s i t y o f A g r i c u l t u r e . T h e mos t p r o m i s i n g l ines f l o w e r e d i n 5 5 - 6 0 days and
ma tu red in 110-115 days. A l t h o u g h the data are l i m i t e d , i t appears that ea r l y -ma tu r i ng
p igeonpea has potent ia l under Tanzanian cond i t i ons .
Ethiopia
Pigeonpea research in E th i op i a was started ear ly in the 1970s by the Ins t i tu te o f A g r i c u l t u r a l
Research ( I A R ) a t Nazre t N a t i o n a l H o r t i c u l t u r a l Cen t re , w i t h shor t -du ra t ion cu l t i vars
in t roduced f rom Makere re Un ive rs i t y , the D o m i n i c a n Repub l i c and later f r o m Guyana , I I T A ,
and I C R I S A T - I n d i a ( A m a r e Be lay , pers c o m m ) . T h e m a i n ob jec t i ve was t o i den t i f y h i g h -
y i e l d i n g , disease and pest to lerant cu l t i va rs . D u r i n g 1973-77 the i n t roduc t i ons were tested in
nurser ies, var ie ty t r ia ls , and na t iona l y i e l d t r ia ls a t Nazre t , A re l kasa , A d a m , and K o k o i n
Cen t ra l E t h i o p i a b y the We lay ta A g r i c u l t u r a l D e v e l o p m e n t U n i t ( W A D U ) i n southern
E t h i o p i a , K o b o i n nor thern E th i op ia , and H u m e r a i n nor thwes te rn E t h i o p i a . Y ie lds were
incons is tent in d i f fe ren t years a t mos t loca t ions except a t W A D U and to some extent a t
Me lkasa .
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Fur ther eva luat ions o f loca l and exo t i c co l lec t ions f rom the Genet ic Resources U n i t o f
E t h i o p i a , In te rna t iona l L i v e s t o c k Cent re f o r A f r i c a ( I L C A ) , and I C R I S A T were conduc ted
be tween 1986 and 1990. M o s t o f these cu l t i va rs have ye t to reach m a n y fa rmers due to
inadequate ex tens ion and seed p roduc t i on and d i s t r i bu t i on systems. L i t t l e i n f o r m a t i o n is
ava i lab le on the status o f t rad i t iona l E th i op i an var ie t ies, l oca l preferences f o r seed size and
co lo r , and fa rmers ' react ions to the new shor t -dura t ion cu l t i va rs .
Rwanda
Pigeonpea research in R w a n d a began in 1983 w i t h the i n t roduc t i on o f ea r l y -ma tu r i t y seeds
f r o m the cross N P P 6 1 0 , o r i g i na l l y made a t the Un i ve r s i t y o f N a i r o b i (Pr ice and C i shahayo
1986). A b o u t 75 seeds f r o m this cross as w e l l as seeds of other K e n y a n landraces, we re
supp l ied by the In te rna t iona l D e v e l o p m e n t Research Cent re ( I D R C ) , N a i r o b i . I n the same
year, several Tanzanian landraces were ob ta ined f rom the Tanzania A g r i c u l t u r a l Research
Organ iza t i on a t I longa. Several d is t inc t phenotypes were iso lated f rom the cross N P P 610 .
Ma te r i a l w i t h desirable characters - ear ly matur i t y , large seeds, reduced p lant he ight , d rough t
to lerance, h i g h y i e l d po ten t ia l , adaptab i l i t y to poo r soi ls - were selected and tagged f rom the
segregat ing N P P 6 1 0 and Tanzania select ions. Three i nd i v idua l plants selected f rom N P P 6 1 0
were crossed in a l l comb ina t ions . I n t rapopu la t i on recurrent select ion a imed a t i m p r o v i n g
gra in y i e l d and adaptab i l i t y was e m p l o y e d fo r three cyc les on the segregat ing popu la t i ons .
Var iab i l i t y after cyc le 3 was main ta ined by the very h i g h natural outcross ing. T h e popu la t i on
R K 1 0 1 (shor t , ear ly ma tu r i ng ) was de r i ved by th is me thod .
Select ions f r o m med ium-du ra t i on types f rom Tanzania were crossed to p roduce the
popu la t ion RT 201 w h i c h was m e d i u m in he igh t , ear ly to m e d i u m dura t ion , large-seeded, and
adapted to the reg ion . R K T 120, a ta l l , large-seeded, l ong -du ra t ion perennia l t ype , is de r i ved
f r o m s ingle p lant select ions w i t h i n a popu la t i on o f landraces rece ived f rom K e n y a . T h e
i m p r o v e d var iet ies have larger seeds and m o r e seeds per p o d than the loca l var iet ies (Pr ice
and C ishahayo 1986), bu t the impac t o f these var iet ies is yet to be de te rmined .
Sudan
Studies on crop improvemen t and ag ronomy were started at Hude iba Research Stat ion d u r i n g
1975-80, suppor ted by I D R C ( N o u r a i 1987) . T h e m a i n ob ject ives o f the p r o g r a m were to
select h i g h - y i e l d i n g , adapted p igeonpea var ie t ies, and to obta in i n f o r m a t i o n on ma tu r i t y ,
p lan t t ype , and seed size and color. Fo r t y ear ly , m e d i u m , and la te -matu r ing entr ies f rom
I C R I S A T were compared to the standard loca l var ie ty Ba lad i f o r three seasons. Th ree
in t roduced var iet ies ou ty ie lded Ba lad i by over 100%.
Somalia
T h e status o f g ra in legume research in Soma l ia was rev iewed by A b i k a r (1990 , unpub l i shed) .
T h e S o m a l i d ie t consists o f cereals and tubers w h i c h are r i ch in starch and l o w in p ro te in .
A l t h o u g h pulse crops have potent ia l and p r o d u c t i o n fa i ls to meet demand , l i t t l e research has
been conduc ted on pulses. Recent ly the Cen t ra l A g r i c u l t u r a l Research Stat ion a t A f g o i and
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B o n k a deve loped a p r o g r a m f o r g ra in l egume p r o d u c t i o n i n c l u d i n g p igeonpea. H o w e v e r ,
l i t t l e progress has been made due to the p o l i t i c a l i ns tab i l i t y i n Soma l i a s ince 1 9 9 1 . T h e fa te
o f i m p r o v e d l ines sent t o S o m a l i a i n 1988 i s no t k n o w n .
Burundi
N o genet ic i m p r o v e m e n t w o r k o n p igeonpea has been done i n B u r u n d i ( N t u k a m a z i n a and
N z i m e n y a 1987) . M o s t var iet ies g r o w n b y fa rmers we re i n t roduced (source u n k n o w n ) , w i t h
B u r u n d i fa rmers adop t i ng t h e m where they p r o v e d adaptable. Farmers d i s t i ngu i sh t w o
m a t u r i t y g roups : l o n g and short du ra t i on .
Future Prospects and Strategies for Pigeonpea Breeding
Pigeonpea i m p r o v e m e n t p rog rams i n Eastern and Southern A f r i c a have re l i ed h e a v i l y on
advanced l ines and var ie t ies f r o m I C R I S A T and other b reed ing p rog rams in the r e g i o n , and
also made select ions f rom the i r o w n landraces. A l t h o u g h var ie t ies released f rom these
mater ia ls have served the immed ia te need o f fa rmers , m a j o r de f ic ienc ies s t i l l ex is t . The re i s
need to deve lop cu l t i va rs that c o m b i n e several nove l t ra i ts to bet ter meet the chang ing needs
o f p igeonpea g rowe rs and consumers . I t i s u n l i k e l y that cu l t i va rs c o m b i n i n g m u l t i p l e
desirable trai ts w i l l be f o u n d f r o m ex is t ing germp lasm co l lec t ions. The chal lenge fo r breeders
w i l l be to exam ine a w i d e range o f genotypes and cons t ruc t new var iet ies meet ing cr i te r ia f o r
each agro-eco log ica l zone and addressing consumer needs. N e w strategies w i l l have to be
deve loped and i m p l e m e n t e d in par tnership w i t h other stakeholders. Some potent ia l strategies
are suggested be low.
Breeding for variable maturity duration
Because m o s t o f the landraces g r o w n by fa rmers are l a te -ma tu r i ng , new short- and m e d i u m -
du ra t i on cu l t i va rs have rece ived w i d e acceptab i l i t y . A f e w such var iet ies have been
deve loped , e.g. shor t -du ra t ion I C P L 8 7 0 9 1 , bu t the n u m b e r o f such examples i s l i m i t e d .
Var ie t ies i n the e a r l y - m e d i u m and m e d i u m - d u r a t i o n g roups inc lude N P P 670 , K a t 6 0 / 8 ,
I C E A P 0 0 0 6 8 , and I C P 6927 . T h e ea r l y -ma tu r i ng cu l t i va rs were deve loped f o r pures tand
c r o p p i n g w h i l e the m e d i u m - d u r a t i o n types were in tended p r i m a r i l y fo r in te rc rop systems,
and la te -matur ing i m p r o v e d cu l t ivars such as I C E A P 0 0 0 4 0 and I C E A P 00020 were in tended
f o r two-season in te rc rop systems. Fu tu re research w i l l need to focus on co r rec t i ng
def ic ienc ies i n these cu l t i va rs . Fo r examp le , I C P L 8 7 0 9 1 , N P P 670 , K a t 60 /8 , I C E A P 0 0 0 6 8 ,
I C P 6 9 2 7 , and I C E A P 0 0 0 2 0 are suscept ib le t o f u s a r i u m w i l t . De te rm ina te cu l t i va rs such as
I C P L 8 7 0 9 1 and N P P 6 7 0 are ve ry suscept ib le t o insect pests. Seed size o f I C P L 87091 and
K a t 60 /8 requi res fu r the r i m p r o v e m e n t , f rom 11-12 g to ove r 15 g per 100 seeds.
Multiple constraint breeding
Pigeonpea g rowers face a n u m b e r o f b io t i c and ab io t i c constra ints o f ten a c t i n g in
c o m b i n a t i o n . Diseases, pests, and adverse c l i m a t i c and so i l cond i t i ons can be present in the
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same f i e l d a t the same t i m e . I t i s no t u n c o m m o n to f i n d m o r e than one disease on the same
plan t d u r i n g one o r m o r e deve lopmen ta l stages. Such m u l t i p l e const ra in ts reduce y i e l d and
qua l i t y and increase ins tab i l i t y o f p r o d u c t i o n . T h i s a lso increases the cost o f con t ro l
measures. T h u s , the need f o r mul t ip le -s t ress resistance is pa r t i cu la r l y re levant in p igeonpea,
w h i c h i s g r o w n large ly by sma l lho lde r fa rmers w h o can rare ly a f f o rd cos t ly inputs
( fung ic ides , insect ic ides, fe r t i l i zers etc) f o r a l o w - p r i c e d c rop such as p igeonpea.
A t t e m p t s to accumula te in one l i n e , resistances to var ious stresses date back m a n y years.
B u t u n t i l recent ly th is approach was used o n l y to a l i m i t e d extent , pa r t l y because o f l ack o f
sui table resistance sources, screening procedures , and p roven breed ing methods to
s imu l taneous ly handle m u l t i p l e t ra i ts . As a resul t mos t b reed ing p rog rams have used a 
s tepwise procedure to so lve the d i f fe ren t p rob lems one by one, s tar t ing w i t h the p r o b l e m
w h i c h i s mos t y i e l d l i m i t i n g . A m o n g the weaknesses o f th is approach i s the leng thy pe r i od
requ i red to incorporate resistance to several stresses. In add i t i on , " res is tan t " cu l t i vars tend to
be resistant to one stress bu t suscept ible to others. A l t h o u g h this approach is s t i l l in use, there
is increased interest in b reed ing p rograms a t tempt ing to s imu l taneous ly in t roduce genes f o r
m u l t i p l e resistances. Se lec t ing f o r m u l t i p l e t ra i ts becomes m o r e d i f f i c u l t w i t h an increas ing
number o f t ra i ts to be i m p r o v e d . N a t i o n a l p rog rammes and the i r par tners need to deve lop
suitable breeding schemes fo r mu l t i p l e constraint imp rovemen t o f p igeonpea.
Marker-assisted selection
Plant breeders are inc reas ing ly us ing D N A markers to increase the e f f i c iency o f recover ing
genes f o r desi rable t ra i ts . Target genes in a segregat ing popu la t i on can be i den t i f i ed and
selected us ing marker-ass is ted se lect ion ( M A S ) . H o w e v e r , use o f M A S requi res deta i led
i n f o r m a t i o n on the p igeonpea genome and m a p p i n g o f ag r i cu l t u ra l l y impo r tan t " t a rge t "
genes. In contrast t o conven t i ona l d i rec t se lec t ion , M A S selects i nd i v i dua l s ca r r y i ng target
genes in a segregat ing popu la t i on based on patterns o f t i gh t l y l i n k e d markers rather than on
thei r phenotypes (Zheng et a l . 1995). There fo re , the popu la t ion can be screened at any g r o w t h
stage and in var ious env i ronmen ts . Screen ing f o r resistance to a disease can be done w i t h o u t
a r t i f i c i a l i nocu la t ions i f markers f o r that resistance gene(s) are ava i lab le . I n add i t i on , M A S
can e l im ina te in ter ference f r o m in t ra - locus or in te r - locus in teract ions and thus increase the
ef f i c iency and accuracy of se lect ion, especia l ly f o r trai ts that are d i f f i c u l t to assess. Howeve r ,
M A S w i l l no t be ava i lab le t o p igeonpea breeders u n t i l saturated genet ic maps and su i tab le
D N A markers have been deve loped . I n add i t i on s imp le , r a p i d , accurate, cost -e f fec t ive
procedures mus t be establ ished w h i c h are comp lemen ta ry to ex i s t i ng b reed ing p ro toco ls .
Inter-genepool crosses
A l t h o u g h p igeonpea i s n o w be l ieved to have o r ig ina ted f r o m the I n d i a n subcont inent , i t has
been g r o w n and selected in East A f r i c a f o r m a n y thousand years and the area is regarded as
the c h i e f secondary center o f domes t i ca t i on and d i ve rs i t y (Remanandan e t a l 1982). T h e
resu l t o f th is l o n g pe r i od o f domes t i ca t i on and se lec t ion are landraces w i t h un ique features
such as l o n g du ra t i on , perenn ia l hab i t , large leaf le ts , h i g h number o f seeds per p o d , large
c ream o r speck led o r m o t t l e d seeds, w h i c h contrast sharp ly w i t h mater ia ls o r i g i na t i ng f r o m
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the I nd ian subcont inent . F o r e x a m p l e the w o r l d co l l ec t i on a t I C R I S A T conta ins t w o
landraces w i t h the h ighest k n o w n 100-seed mass, co l lec ted f rom K e n y a (26 .92 g ) and
Tanzan ia (26.47 g ) . S im i l a r l y , 3-5 seeds/pod i s usua l i n A s i a n genotypes, w h i l e East A f r i c a n
landraces average 5-7 seeds/pod. I t i s l i k e l y that even m o r e s ign i f i can t d i f fe rences can be
detected a t the mo lecu la r l eve l o r by analys is o f b i ochemica l c o m p o s i t i o n . These
evo lu t i ona ry d i f ferences suggest that there m a y be a t least t w o m a j o r genepoo ls in
p igeonpea - A f r i c a n and A s i a n . T h e c o m p l e m e n t a r y characters o f these genepoo ls have
been used o n l y to a l i m i t e d extent . Fu tu re b reed ing ac t iv i t ies w i l l need to generate m o r e
va r i ab i l i t y f rom in te r -genepoo l crosses.
Hybrid pigeonpea
T h e f i r s t h y b r i d p igeonpea c u l t i v a r was deve loped by I C R I S A T and released f o r c u l t i v a t i o n
in I n d i a i n 1990. T h e h y b r i d had a 2 0 - 4 0 % y i e l d advantage over open-po l l i na ted var ie t ies .
P roduc t i on was fac i l i t a ted by the d i scove ry o f m a l e s ter i l i t y and i nb red l ines deve loped i n
Ind ia . T h i s t echno logy was subsequent ly taken up and c o m m e r c i a l i z e d by several seed
companies . Since h y b r i d v i g o r is genera l ly associated w i t h genet ic d ivers i ty , crosses be tween
the genet ica l ly d iverse A f r i c a n and A s i a n genepools m a y have considerable heterosis. To our
k n o w l e d g e , th is oppo r t un i t y has no t been exp lo red . We propose that na t iona l p rog rams
i n c l u d i n g un ivers i t ies and the i r par tners shou ld devote a t least par t o f the i r e f fo r ts in th is
d i rec t ion .
Conclusions
N a t i o n a l ag r i cu l tu ra l research inst i tu tes and un ivers i t ies in Eastern, Cen t ra l and Southern
A f r i c a i n co l l abo ra t i on w i t h I C R I S A T , Ins t i tu t d e A g r o n o m i q u e s o f G e m b l o u x , and the
U n i v e r s i t y o f B o n n have made cons iderab le progress i n deve lop ing i m p r o v e d p igeonpea
cu l t i vars and management pract ices in the last t w o decades. N e w ear ly and m e d i u m - d u r a t i o n
var iet ies are n o w be ing g r o w n in sem i -a r i d reg ions . H o w e v e r , w idespread d i ssemina t ion i s
ser ious ly hampered by inadequate seed de l i ve ry systems. A l t h o u g h the i m p r o v e d cu l t i va rs
have he lped increase p roduc t i v i t y , they have i m p o r t a n t def ic ienc ies that are l i k e l y to reduce
the i r y i e l d potent ia l i n some env i ronmen ts and the i r appeal to consumers and producers . T h e
def ic ienc ies inc lude sma l l seed size and suscept ib i l i t y to w i l t , cercospora leafspot , and insect
pests. So far, na t iona l b reed ing p r o g r a m s have re l i ed on near ly f i n i shed l ines f r o m I C R I S A T
and select ions f rom the i r landraces - f e w have deve loped thei r o w n c ross ing p rog rams .
Future act iv i t ies shou ld therefore inc lude a capac i ty b u i l d i n g component f o r N A R S . T h e next
generat ion o f var iet ies i s l i k e l y t o o r ig ina te f r o m w e l l des igned b reed ing schemes, w h i c h
shou ld be based on c reat ing recomb inan t popu la t i ons f rom in t ra - and in te r -genepoo l crosses
w i t h the a i m o f redress ing l i m i t a t i o n s o f the cur ren t var ie t ies. Var ious strategies ( m u l t i p l e
const ra in t b reed ing , marker-ass is ted se lec t ion , T C M , h y b r i d deve lopmen t f r o m in ter -
genepoo l crosses) o f fe r new oppor tun i t ies to increase e f f i c iency in cu l t i va r deve lopmen t and
enhance p roduc t i v i t y in p igeonpea.
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T w o m a j o r reg iona l in i t ia t i ves f o r p igeonpea i m p r o v e m e n t were started i n the last decade,
w i t h s im i l a r ob ject ives, i.e. to enhance p igeonpea p roduc t i v i t y on sma l lho lde r fa rms . O n e
was a co l labora t i ve p rog ram i n v o l v i n g 10 countr ies in Eastern and Southern A f r i c a ,
suppor ted by the A f r i c a n D e v e l o p m e n t B a n k and coord ina ted by I C R I S A T . Th i s p r o g r a m
began in 1991 and was comp le ted in 1999. T h e second in i t i a t i ve was an in te r -un ive rs i t y
p r o g r a m in i t ia ted i n 1996, i n v o l v i n g G e m b l o u x , B o n n , Make re re , and N a i r o b i un ivers i t ies
suppor ted by the European U n i o n and the B e l g i a n A g e n c y f o r In te rna t iona l Coopera t i on .
T h e p r o g r a m was imp lemen ted i n co l l abora t ion w i t h I C R I S A T and the nat iona l research
and ex tens ion p rograms in U g a n d a and K e n y a . Papers elsewhere in these proceedings have
descr ibed progress under the f i rs t i n i t i a t i ve and the w o r k done by var ious partners under the
second in i t i a t i ve . Th i s paper focuses on w o r k done a t the U n i v e r s i t y o f N a i r o b i under the
second reg iona l i n i t i a t i ve .
Characterization of Regional Germplasm Resources
M u c h o f the ge rmp lasm co l lec ted in Eastern A f r i c a has been character ized to some degree.
I t shows w i d e va r iab i l i t y in a range o f characters that m a y be use fu l in fu ture c rop
i m p r o v e m e n t p rograms. To c o m p l e m e n t the prev ious co l lec t ions , add i t i ona l ge rmp lasm
was co l lec ted i n 1997 f r o m p igeonpea -g row ing d is t r ic ts a round M o u n t K e n y a and the
coastal l ow lands o f K e n y a ( K i m a n i e t a l . 2000) . A l l the new and o l d accessions conserved a t
the Depar tmen t o f C r o p Science, U n i v e r s i t y o f N a i r o b i , and G e m b l o u x A g r i c u l t u r a l
Un ive rs i t y , B e l g i u m , were i n i t i a l l y g r o w n in observat ion nurseries and fu r ther character ized
in t r ia ls a t K i b w e z i (a l t i tude 9 0 0 m ) , T h i k a ( 1600 m ) , and Kabete ( 1 8 9 0 m) over a 3-year
p e r i o d . T h e m a i n features o f these mater ia ls are summar i zed be low .
Growth habit. M o s t are erect, t a l l , compac t to semi-spreading. T h e y va ry in he igh t f r o m
about 1 to 4 m. B ranch ing is var iab le bu t above 1 m on the s tem is c o m m o n . Some show
pro fuse b ranch ing (4-28 p r i m a r y branches) and leaf lets are genera l ly large.
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Maturity duration. M o s t are l o n g - d u r a t i o n , usua l ly 8-11 mon ths , and perenn ia l . Some
ear l y -ma tu r i ng types resul ted f rom outcrosses w i t h exot ic ea r l y -ma tu r i ng ge rmp lasm.
Stem color. Usua l l y pu rp le or g reen.
Flowers. There is considerable va r i ab i l i t y f o r f l o w e r color . F l owe rs m a y be y e l l o w to red ,
i v o r y and w i t h var iab le densi t ies o f streaks on the standard. Some have no streaks, others
show u n i f o r m coverage.
Pods. M o s t landraces show a h i g h n u m b e r of seeds per p o d : 5-7 is c o m m o n . Landraces
f r o m the coastal l ow lands have 6-8 seeds/pod. A range of 3 to 9 seeds/pod has been
repor ted . Pods m a y be green or pu rp le or a m i x t u r e o f purp le and green, and f o r m e d in large
bunches that are easy to harvest. Pods per p lan t vary f rom 15 to ove r 1000.
Seeds. T h e landraces have large seeds w i t h an average 100-seed mass of about 17 g.
A landrace co l lec ted in K e n y a has the h ighest seed mass in the w o r l d co l l ec t i on : 26 .92 g per
100 seeds, exceed ing the p rev ious reco rd of 26.47 g from a Tanzanian landrace
(Remanandan et a l . 1982). T h e range repor ted is 7.68 to 26 .92 g. T h e seeds are p l a i n w h i t e
or be ige , m o t t l e d , speck led, o r m o t t l e d and speck led. Seeds are r o u n d or ova l -shaped.
Landraces f rom the coastal l ow lands showed w i d e va r iab i l i t y in seed size and seed coat
c o l o r ( f r o m b lack to w h i t e ) , poss ib ly due natura l outcross ing w i t h in t roduc t ions f rom the
Ind ian sub-cont inent .
Disease and insect resistance. T rad i t i ona l l y , farmers have been g r o w i n g p igeonpea year
after year in the same f ie ld . As a resul t f ie lds have become natural w i l t - s i c k p lo ts . T h i s may
have resul ted in h i g h select ion pressure in f a v o r o f w i l t resistance. Some loca l landraces
such as K O - 3 1 and I C E A P 0 0 0 4 0 showed h i g h levels o f resistance in successive evaluat ions
in a w i l t - i n fes ted f ie ld a t K i b o k o . There is some va r iab i l i t y in insect pest damage w i t h some
genotypes s h o w i n g l i m i t e d suscept ib i l i t y and others s h o w i n g severe damage. I t i s poss ib le
that loca l ge rmp lasm m a y have d i f fe ren t degrees of to lerance to insect pests.
Breeding
T h e breed ing componen t o f the p r o g r a m has focused on creat ing new popu la t ions
c o m b i n i n g w i l t and leafspot resistance, seed character ist ics, pheno logy , g r o w t h hab i t , and
adaptab i l i ty to i n te rc ropp ing systems. We l l -adap ted cu l t i vars such as N P P 6 7 0 , I C P L
8 7 0 9 1 , K a t 60 /8 , I C P 6927 , and I C E A P s 0 0 0 6 8 , 0 0 0 2 0 , and 00040 are used as parents. The
cross ing b l o c k has 41 parenta l l ines i n c l u d i n g landraces, advanced breed ing l ines f r o m the
reg ion , and accessions f rom I C R I S A T . T h e y represent considerable va r iab i l i t y f rom the
A f r i c a n and A s i a n genepools. C ross ing is car r ied ou t in insec t -proof greenhouses a t Kabete
F i e l d Sta t ion . O v e r 24 F2 popu la t i ons , 11 th ree-way and 17 double-cross popu la t ions
c o m b i n i n g var ious desirable t rai ts have been created. T h e segregat ing popu la t ions are be ing
selected f o r w i l t resistance us ing a r t i f i c i a l i nocu la t i on a t Kabete and w i l t - s i c k p lo ts a t
K i b o k o . Select ion f o r o ther characters is be ing car r ied out a t the Na t i ona l H o r t i c u l t u r a l
Research Cent re , T h i k a . T h e popu la t ions w i l l be advanced th rough gamete se lect ion and
b u l k b reed ing procedures in a m u l t i p l e cons t ra in t b reed ing strategy.
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A second componen t o f the breed ing p r o g r a m invo l ves select ion o f segregat ing
popu la t ions under sole c ropp ing and w h e n in te rc ropped w i t h maize . The base popu la t i on
or ig ina ted f rom crosses between shor t -dura t ion , wh i te -seeded I C R I S A T l ines and large-
seeded, wi l t - res is tant A f r i c a n landraces. T h e F 2 to F 4 generat ions were advanced in w i l t - s i c k
f ie lds a t K i b o k o to i den t i f y recombinants w i t h w i l t resistance. T h e F 5 l ines were separated
in to fou r b u l k popu la t ions on the basis o f g r o w t h hab i t and matur i ty . T h e f ou r popu la t ions
were subjected to t w o cyc les o f select ion under b o t h sole and in te rc ropped cond i t i ons in the
1998/99 and 1999/2000 short rains a t T h i k a . T h e selected l ines w i l l be fu r ther eva luated to
determine the ef fect o f c ropp ing system on the i r pe r fo rmance .
A t h i r d componen t o f the p r o g r a m i n v o l v e d ped igree select ion w i t h p rogeny test ing
f rom other breed ing nurseries and var ie ty eva lua t ions . Several ear ly, e a r l y - m e d i u m , and
m e d i u m - d u r a t i o n l ines have been selected b o t h in K e n y a and Uganda in the last 2 years.
P re l im ina ry y i e l d t r ia ls are p lanned d u r i n g the 2000 /01 short ra iny season. T h e f ou r t h par t
o f the p r o g r a m has focused on inher i tance o f w i l t resistance and other qua l i ta t i ve and
quant i ta t ive t ra i ts . Th i s w o r k i s repor ted by O d e n y e lsewhere in th is pub l i ca t i on .
Crop Protection
Disease and pest management research in th is p ro jec t has focused on i den t i f y i ng and
character iz ing pathogenic var ia t ion of Fusarium udum us ing morpho log i ca l and cu l tu ra l
character ist ics, pa thogen ic i ty on d i f fe ren t p igeonpea var ie t ies, and w i t h a m p l i f i e d f ragment
leng th p o l y m o r p h i s m ( A F L P ) . Pest management studies have been carr ied out to de te rmine
the ef f icacy o f botanicals in reduc ing y i e l d losses, especia l ly in in tercrop systems. Resul ts o f
this w o r k are repor ted by S m i t h e t a l . e lsewhere in th is pub l i ca t i on .
Crop Management and Socio-Economic Aspects
Studies in c rop management were des igned to i den t i f y pract ices that w o u l d op t im i ze
p roduc t i v i t y in in tercrop systems. They are descr ibed by Mergea i e t a l . e lsewhere in th is
pub l i ca t i on .
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Introduction
Pigeonpea is cons idered the most impo r tan t g ra in l egume in nor thern Uganda and the
second mos t i m p o r t a n t (af ter cowpea) in the northeast. Desp i te the impor tance o f the c rop to
a large sect ion of the popu la t i on bo th as a source of i n c o m e and a d ie t supp lement , research
ef for ts in recent years have been l i m i t e d . A p p a r e n t l y a l l the shor t -dura t ion cu l t i va rs
deve loped in the 1970s have been lost and on l y l ong -du ra t i on (6 -9 months ) landraces can be
f o u n d - A p i o E lena , A d o n g , A d y a n g , and A g o g i . These landraces g i ve l o w y ie lds on
farmers* f i e l ds : 3 0 0 - 6 0 0 kg ha - 1 , compared to ove r 2 . 5 1 ha - 1 ach ievab le on-s ta t ion w i t h new
h i g h - y i e l d i n g cu l t i va rs ( O b u o e t a l . 1996).
P igeonpea research in Uganda was in i t i a ted a t M a k e r e r e Un i ve rs i t y in 1968 w i t h a grant
f r o m the Rocke fe l l e r Founda t i on . O v e r 5000 l ines were in t roduced f rom a l l over the w o r l d
and these f o r m e d the basis f o r a subsequent research p r o g r a m that i nc luded b reed ing w o r k
and a l l i ed studies. T h e m a i n ob jec t ive o f the b reed ing p r o g r a m then, was to deve lop h i g h -
y i e l d i n g shor t -dura t ion cu l t i vars adapted to Ugandan cond i t i ons . Cons iderab le success was
ach ieved and a n u m b e r o f p rom is i ng advanced l ines we re i den t i f i ed . Other w o r k i nc l uded : a 
search f o r ma le s ter i l i ty , studies on disease resistance, and deve lopment o f compos i te
mater ia ls (Musaana et a l . 1992).
Recent Efforts in Crop Improvement
Pigeonpea research ef for ts were abandoned in 1979 and resumed on l y in 1989 f o l l o w i n g the
i n i t i a t i on o f the P igeonpea I m p r o v e m e n t Pro ject f o r Eastern and Southern A f r i c a by
I C R I S A T , w i t h f u n d i n g f r om the A f r i c a n D e v e l o p m e n t B a n k . The pro jec t has i m p l e m e n t e d
some w o r k i n Uganda . S i l i m e t a l . ( 1 9 9 1 , 1993) conduc ted surveys on t rad i t iona l f a r m i n g
systems, the p redominan t p igeonpea cu l t i va rs , and the mos t impor tan t pest and disease
p rob lems in the m a j o r p igeonpea-g row ing areas. T h e surveys revealed that p roduc t i on in
t rad i t iona l f a r m i n g systems was very l o w , bu t c o u l d be i m p r o v e d by adop t ing better
genotypes, better f a r m i n g systems, and f i n d i n g the mos t appropr ia te and cost -e f fec t ive
means o f pest c o n t r o l . O u t o f these surveys came a recommenda t i on to resume p igeonpea
research in Uganda .
Surveys were also car r ied out in A u g - S e p 1997 under a pro jec t sponsored by the
European U n i o n . T h e surveys were imp lemen ted us ing a P R A approach and sem i -
s t ructured quest ionnai res. The m a i n ob jec t i ve o f th is p ro jec t was to i den t i f y the m a j o r
c ropp ing systems and p roduc t i on (b io t ic o r ab io t i c ) const ra in ts to p igeonpea, and deve lop




cheap and cost -e f fec t ive pest con t ro l packages. To achieve these ob jec t ives , research was
in i t ia ted at three loca t ions : Make re re Un ive rs i t y A g r i c u l t u r a l Research Inst i tu te a t
K a b a n y o l o ( M U A R I K ) , Serere A g r i c u l t u r e and A n i m a l Research Ins t i tu te ( S A A R I ) , and
Nget ta exper imenta l s tat ion to assess the per fo rmance o f the n e w shor t -dura t ion , h i g h -
y i e l d i n g select ions in b o t h sole and in te rc rop systems, and the i r response to pest attack.
Screening trials
D u r i n g the 1990s, var iet ies were screened fo r ag ronomic t ra i ts , y i e l d characters, adaptat ion
to f a r m i n g systems in no r th and northeastern Uganda, t ime to m a t u r i t y (short - and m e d i u m -
dura t ion l ines selected), and insect resistance. O v e r 2 0 0 breed ing l ines f rom I C R I S A T and
N a i r o b i Un i ve rs i t y were eva luated at Serere and a f e w l ines i den t i f i ed f o r o n - f a r m test ing.
K a t 60 /8 , I C P L 8 7 0 9 1 , and I C P 6927 were f o u n d adapted to in te rc rop s i tuat ions and
recommended fo r res t r ic ted release ( O k u r u t - A k o l e t a l . 1996). Several genotypes are also
cur rent ly be ing eva luated to i den t i f y l ines w i t h good in te rc ropp ing ab i l i t y .
K a t 60 /8 , I C P L 8 7 0 9 1 , and I C P 6927 were evaluated d u r i n g the 1997B and 1998A
seasons i n in tercrops w i t h f i nge r m i l l e t and sorghum. T h e results showed that r o w rat ios o f
p igeonpea: f inger m i l l e t / s o r g h u m o f 2:2 were the o p t i m a l c o m b i n a t i o n , g i v i n g L a n d
Equ iva len t Rat ios o f up to 1.6 (Ruba ihayo e t a l . 2000) . S im i l a r results were later repor ted in
the 1999 seasons a t b o t h M U A R I K and Nge t ta (Owere 2000) . These results c lear ly suggest
that the new p igeonpea l ines are compat ib le in the p igeonpea/ f inger m i l l e t and p igeonpea/
sorghum intercrops c o m m o n in the t rad i t iona l system.
E igh t y - f ou r l ines selected f rom screening tr ia ls a t M U A R I K and S A A R I were p lanted i n
the 1999B season and eva luated f o r y i e l d , ag ronom c character is t ics, and pest damage. T h e
results are be ing ana lyzed . T h e c rop was ratooned in the 2 0 0 0 A season to determine the
ra toonab i l i t y o f the l ines. T h e selected l ines w i l l be tested f o r the i r i n te rc ropp ing ab i l i t y .
Genetic fingerprinting
A co l lec t ion of the A f r i c a n and A s i a n p igeonpea ge rmp lasm is be ing screened us ing the
A F L P technique. A f r i c a n and A s i a n landraces and t w o loca l accessions were p lanted in the
2 0 0 0 A season fo r th is study. T h i s study w i l l he lp determine the genet ic d ivers i ty and
evo lu t ionary re la t ionsh ip be tween the As ian and A f r i c a n accessions, w h i c h w i l l he lp i n
fur ther research in p igeonpea b reed ing .
Pest management
Observat ions on pest management ind ica ted that f o r o p t i m a l (cost -e f fect ive) con t ro l ,
p igeonpea shou ld be sprayed a t the f o l l o w i n g t imes: I C P L 87091 d u r i n g f l o w e r b u d
in i t i a t i on to p o d f o r m a t i o n , K a t 60 /8 d u r i n g pod f o r m a t i o n to p o d ma tu r i t y (Ruba ihayo e t a l .
2000) . T h e resul ts also ind ica ted that determinate l ines l i k e I C P L 87091 were more
susceptible to pest at tack than indeterminate l ines l i ke K a t 60 /8 . A k o n g o (2000) has shown
that in te rc ropp ing p igeonpea w i t h f i nge r m i l l e t a t d i f fe ren t spat ia l arrangements had no
ef fect on p o d borers, w h i l e pod -suck ing bugs were s ign i f i can t l y (p<0 .05) reduced in a 
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p igeonpea: f inger m i l l e t i n te rc rop , 3:3 r o w pat tern. Studies on the ef fect o f p l an t extracts
neem and Tephros ia showed a s i gn i f i can t (p<0 .05 ) reduc t ion in p o d damage , w i t h greater
reduc t ion o f damage a t h igher concen t ra t i on o f the p lant extracts. T h e resul ts fu r the r
ind ica ted that Tephros ia was m o r e cos t -e f fec t i ve than neem.
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Discussions - Technology Development
Introduction of short-duration material
Long -du ra t i on var iet ies were part o f the t rad i t i ona l c r o p p i n g system in Eastern and Southern
A f r i c a . In add i t i on to m e d i u m - and l ong -du ra t i on var ie t ies , the Pigeonpea Project sought to
p romo te shor t -durat ion variet ies that were new to the reg ion . Th is was done f o r three
reasons.
• There was a clear need to i m p r o v e y i e l d and other character ist ics of p igeonpea in
t rad i t iona l c ropp ing systems. In research terms i t was easier to improve the pheno logy o f
shor t -durat ion variet ies (and thus f i t t h e m in to t rad i t iona l systems) than to i m p r o v e y i e l d
and other character ist ics o f m e d i u m - and l ong -du ra t i on var iet ies.
• Cons iderab le exper ience and ge rmp lasm was ava i lab le f r o m I C R I S A T - I n d i a on h i g h -
y i e l d i n g shor t -dura t ion p igeonpea.
• A l t h o u g h most ind igenous ge rmp lasm was o f l o n g du ra t i on , some l ines w i t h m e d i u m
and short dura t ion were co l lec ted f r o m Eastern A f r i c a , w h i c h cou ld p rov ide a base fo r
genet ic improvement .
No te that the Project d i d not focus exc lus i ve l y on shor t -durat ion var iet ies. Cons iderab le
ef for t wen t i n to m e d i u m - and long-du ra t ion types: disease/pest management , pheno logy ,
adaptat ion, y i e l d , ra toonab i l i t y , and other fa rmer -p re fe r red character ist ics.
B o t h short and m e d i u m / l o n g dura t ion groups have the i r advantages and disadvantages.
In terms of adop t ion , i t may be easier to p r o m o t e a c rop type that promises a large, v i s ib le
d i f ference (e.g. earl iness) rather than new m e d i u m - or long-dura t ion types where
improvemen ts w i l l be incrementa l and not a lways apparent to farmers. On the other hand ,
m e d i u m - and long-dura t ion types cou ld be p romo ted by emphas iz ing the cont inuous harvest
they p rov ide , in add i t ion to other benef i ts such as f u e l w o o d , n i t rogen f i xa t i on , su i tab i l i t y f o r
in te rc ropp ing , and ra toonab i l i t y .
Variety release
Var ie ty releases are somet imes targeted at the w r o n g reg ions or the w r o n g soc io -economic
groups (e.g. I C P L 87091 in Uganda) . Var iet ies are usua l ly released fo r cu l t i va t i on coun t r y -
w i d e , a l though targeted release in a f e w d is t r ic ts w o u l d be more appropr iate. In some cases
farmers , after g r o w i n g a released var ie ty that is unsui tab le f o r the area (ei ther poo r l y
adapted or not sui ted to loca l c r o p p i n g p r io r i t i es ) , are skept ical about new research
products .
A new var ie ty must be released together w i t h a management package, w i t h o u t w h i c h
farmers w i l l be unable to benef i t f u l l y f r o m the h i g h y i e l d potent ia l o f the var iety. For
examp le , var iet ies are tested o n - f a r m w i t h pest management , but released w i t h o u t
accompany ing recommendat ions on pest c o n t r o l .
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Phenology
M a n i p u l a t i o n o f p h e n o l o g y does not necessar i ly m e a n acce lera t ing the g r o w t h cyc le , bu t
ad jus t ing the cyc le to m a x i m i z e benef i ts . F o r examp le , i n c o o l areas away f r o m the equator,
l ong -du ra t i on types m a y f lower or mature before the ma i ze harvest . In such cases i t i s
necessary to s l ow d o w n the i r pheno logy to a v o i d c o m p e t i t i o n i n the maize/p igeonpea
in te rc rop .
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Pigeonpea is one o f the m a j o r pu lse c rops o f the t rop ics and sub- t rop ics. I t pe r fo rms w e l l in
marg ina l env i ronments and has the inherent ab i l i t y to w i ths tand env i ronmen ta l stresses,
espec ia l ly d rought . In recent years, i t has become one of the mos t sought af ter crops in p lant
i n t r oduc t i on t r ia ls a imed at b r i n g i n g n e w areas under cu l t i va t i on . Th i s is due to its ab i l i t y to
g r o w and produce gra in under cond i t i ons where mos t other crops do no t su rv ive . Desp i te i ts
impor tance in K e n y a and e lsewhere in the reg ion , l i t t l e concer ted research e f fo r t has been
d i rec ted a t e i ther c rop i m p r o v e m e n t or techno logy transfer. Y ie lds on fa rmers ' f ie lds are l o w
and a number of factors are respons ib le - d rough t , lack of i m p r o v e d cu l t i va rs , poo r c r o p
husbandry, pests, and diseases ( N d i r i t u 1994) .
P igeonpea diseases have been repor ted to be of m i n o r impor tance in the past in Eastern
A f r i c a ( A c l a n d 1971). Howeve r , recent surveys in ma jo r p igeonpea-g row ing areas o f K e n y a
show that f usa r ium w i l t and cercospora lea f spot are diseases o f economic concern
( K a n n a i y a n e t a l . 1984, Songa e t a l . 1991) . Fusa r ium w i l t (Fusa r i um udum Bu t l e r ) i s the
mos t impor tan t so i lborne disease th roughou t the p igeonpea g r o w i n g areas of K e n y a -
average reduc t ion in p lant stand o f 1 0 % (Songa e t a l . 1991) and 1 6 % ( K a n n a i y a n e t a l .
1984) have been repor ted. Surveys car r ied out in 1980 est imated w i l t inc idence to be 6 0 % in
K e n y a , 3 6 % i n M a l a w i , and 2 4 % i n Tanzan ia w i t h annual losses o f U S $ 5 m i l l i o n i n each o f
these countr ies (Subrahmanyam and T u w a f e 1995). A l t h o u g h i t has been suggested that w i l t
inc idence can be reduced by var ious pract ices, f o r examp le p igeonpea-cereal ro ta t i on ,
f a l l o w , green m a n u r i n g , z inc app l i ca t i on , ro ta t ion w i t h tobacco, and t i m e o f p l an t i ng , host-
p lan t resistance is p robab ly the cheapest and mos t e f fec t ive management pract ice .
Unders tand ing the inher i tance o f characters in p igeonpea w o u l d enable breeders to
i m p r o v e select ion e f f ic ienc ies w i t h respect to a par t icu lar t ra i t . Inher i tance o f f usa r i um w i l t
resistance is not w e l l unders tood. Re la t i ve l y l i t t l e w o r k has been repor ted on the genet ics o f
resistance despite the fact that b reed ing p rograms a imed at deve lop ing w i l t - res is tan t
p igeonpea have been conduc ted s ince the ear ly 1900s. T h e f e w reports ava i lab le are
c o n f l i c t i n g and have fa i l ed to p r o v i d e a comp le te p ic tu re o f the genet ics o f resistance
b e y o n d ind ica t ing that a f ew genes are i n v o l v e d ( M c R a e and Shaw 1933, Green et a l . 1981).
I t is on l y when this is k n o w n that a cor rect b reed ing p rog ram can be des igned. T h i s
exper imen t was car r ied out in order to achieve th is ob jec t i ve .
1. Department o f Crop Science, Univers i ty o f N a i r o b i , PO B o x 30197, Na i rob i , Kenya
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Materials and Methods
F o u r w i l t - res is tan t l ines ( I C P 8863 , I C P L 87119 , I C E A P 0 0 0 4 0 , I C E A P 00536 ) and f o u r
suscept ib le l ines ( K a t 60 /8 , N P P 6 7 0 , I C P L 9 3 0 2 7 ) were s tud ied . A l l the parenta l l ines were
g r o w n under glasshouse cond i t ions . A s ing le 3 m r o w f o r the f i rst p l an t i ng , doub le 3 m r o w s
f o r the second p l a n t i n g , and t r i p le 3 m r o w s f o r the last p l an t i ng represented each cu l t i var .
P lan t i ng was done a t an in te rva l o f 1 m o n t h to ensure synch ron iza t i on o f f l o w e r i n g a m o n g
the ear ly, m e d i u m , and long-dura t ion groups. Frequent weed ing and spray ing against insects
and diseases was done to reduce losses.
Crossing. C ross ing was done under g lasshouse cond i t i ons us ing hand emascu la t ion and
p o l l i n a t i o n . F 1 seeds were d i v i d e d i n to three. T h e f i rs t l o t was p lan ted and a l l o w e d to se l f
and F 2 harvested. T h e second l o t was p lan ted and backcrossed to bo th the resistant and
suscept ib le parents. T h e t h i r d l o t was kept .
Evaluation for resistance. A l l the F2 , Backcross 1 ( B C 1 ) , Backcross 2 ( B C 2 ) , and F1 were
eva luated in s ick pots under glasshouse cond i t i ons . BC1 was a cross between F1 and the
resistant parent w h i l e B C 2 was a cross of F 1 to the suscept ib le parent . On average, 40 seeds
each f o r the parents and F 1 , 2 0 0 seeds f o r the F 2 and 40 seeds fo r each backcross generat ion
were used.
Preparation of inoculum. An isolate of the f u s a r i u m w i l t fungus f r o m K i b o k o , a m a j o r
p i g e o n p e a - g r o w i n g area in K e n y a , was used. A s ing le c o n i d i a l cu l tu re was m u l t i p l i e d on
100 mL o f pota to dextrose b ro th in a pe t r i d i sh that was p laced on a rotary shaker f o r 10 days
at 2 5 - 3 0 ° C . T h e contents o f the f lask were d i l u t e d w i t h ster i le d i s t i l l ed water to a f ina l
i n o c u l u m concen t ra t ion of 1 x 106.
Preparation of the pots. So i l was m i x e d w i t h sand at a ra t io of 3 : 1 , respect ive ly . T h e
m i x t u r e was s te r i l i zed in an autoc lave f o r 4 h . I t was then p laced in pots in the glasshouse.
Seeds were f i r s t p re -germina ted in ster i le r iverbed sand. T h e seedl ings were t ransplanted a 
w e e k after ge rm ina t i on . T h e pots con ta in i ng so i l and sand m i x t u r e were tho rough ly watered
a day before t ransp lan t ing . M o i s t u r e l eve l was ma in ta i ned at or near f ie ld capaci ty . T h e
i n o c u l u m was harvested and p laced in a beaker. D u r i n g t ransp lan t ing , the seedl ings were
gent l y r e m o v e d f r o m the sand, the roots c leaned, then t r i m m e d w i t h a ster i le surg ica l b lade,
and d i pped i n t o the i n o c u l u m fo r 10 m inu tes be fo re f ina l l y t ransp lant ing i n to the pots . T h e
roots were t r i m m e d to p rov ide a p o i n t o f en t ry f o r the pathogen. Con t ro l s o f bo th suscept ib le
and resistant l ines were used fo r every ba tch . T h e con t ro l s we re d i v i d e d i n to t w o lo ts : one
inocu la ted and the other non- inocu la ted . Pots we re kept in the glasshouse fo r t w o mon ths
and w i l t i n g o f the host observed. T h e pathogen was re- iso la ted f rom the w i l t e d p lants and its
pa thogen ic i t y r e - con f i rmed .
Data collection and plot design. A l l the test l ines were g r o w n in a randomized comp le te
b l o c k des ign w i t h f o u r repl icates. Disease onset and progress was m o n i t o r e d and the w i l t e d
plants recorded every week f o r 2 mon ths . A 1 - 9 disease scale was used, where 1 = no v i s i b le
s y m p t o m s and 9 = very severely diseased or dead. T h e var ious segregat ion rat ios were
ca lcu la ted and tested us ing Ch i -square (P < .05) .
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Results and Discussion
T h e f o u r t h w e e k data was cons idered the mos t re l iab le to use in the analysis because d u r i n g
th is pe r i od , a l l the suscept ib le cont ro ls had w i l t e d . Resul ts are s h o w n in Tables 1 ,2 , and 3 .
In Table 1 , data f r o m one cross ( I C P L 93027 x I C E A P 000536 ) showed 9S :7R
(suscept ib le/resistant) segregat ion rat ios f o r the F 2 , 1 :1 f o r backcross 1 , and a l l suscept ib le
fo r backcross 2. T h i s c o n f i r m e d a case of dup l i ca te recessive genes f o r resistance w i t h the
f o l l o w i n g poss ib i l i t ies :
Resistant parent aabb
Suscept ib le parent A A B B
F1 A a B b
F 2 - 9 /16: Suscept ib le A _ B _
7/16: Resistant A _ b b , aaB_ , aabb
Table 2 gave a segregat ion ra t io of 13:3 f o r the F2 , 1:1 f o r BC1 and a l l suscept ib le f o r
B C 2 . T h i s meant that f o r th is par t icu lar cross, there was comp le te dominance a t bo th gene
pairs bu t the suscept ib i l i t y gene w h e n d o m i n a n t was epistat ic to the resistant gene.
There fore the d o m i n a n t A gene f o r resistance d i d no t p roduce an ef fect in the presence of a 
dominan t suscept ib i l i t y gene ( i nh ib i t o r ) . T h e poss ib le genotypes therefore were :
Suscept ib le parent aaBB
Resistant parent A A b b
F1 A a B b (suscept ib le)
F 2 A _ b b : 3/16 resistant
A _ B _ : 9 /16 suscept ib le
A a B _ : 3/16 suscept ib le
A a b b : 1/16 suscept ib le
Table 3 gave segregat ion rat ios of 10:6 f o r F2 , 1:1 f o r B C 1 a n d 1:3 fo r B C 2 . Th i s meant
that fo r a l l the crosses inc luded in Table 3, there was par t ia l dominance at bo th gene pairs
and that f o r each par t i a l l y dom inan t gene, there was an add i t i ve ef fect . Resistance w o u l d
therefore be at d i f fe ren t levels. Possible genotypes we re :
A A b b - Suscept ib le parent
aaBB - Resistant parent
A a B b - F1 : Suscept ib le
F 2 w o u l d have the f o l l o w i n g segregat ion:
1/16: A A B B - Resistant leve l 10
2/16: A A B b - Resistant leve l 8 
2 /16 : A a B B - Resistant l eve l 7 
1/16: A A b b - Resistant leve l 6 
4 /16 : A a B b - Resistant l eve l 5 
1/16: aaBB - Resistant l eve l 4 
2 /16 : A a b b - Resistant leve l 3 
1/16: aabb - Resistant l eve l 1 
T h e f i rs t f ou r resistant levels were cons idered resistant w h i l e the last f ou r were
suscept ible.
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Pedigree R* S* R* S* X 2 P 
ICPL 93027 P1 - 56 56
ICEAP 000536 P2 148 - 148
ICPL 93027 x ICEAP 00536 F1
- 14 14
ICPL 93027 x ICEAP 00536 F2 38 59 42 55 0.67 5%
F1x ICEAP 000536 BC1 3 9 3 9 -
F1x ICPL 93027 BC 2 - 14 14
Tab le 2 . Segregating ra t io be tween wi l t - resistant a n d susceptible p lants in var ious
generations a n d backcrosses.
Observed Expected
Pedigree Generation R* S* R* s * X2 P 
NPP 670 P1 - 65 - 65
ICEAP 00040 P2 24 - 24 -
NPP 670 x ICEAP 00040 F1 - 71 - 71
NPP 670 x ICEAP 00040 F2 30 147 33 144 0.33 5%
F1x ICEAP 00040 BC1 6 11 8.5 8.5 1.46 5%
F1x NPP 670 BC 2 - 35 - 35 -
Tab le 3 . Segregating ra t io be tween wi l t - resistant a n d susceptible plants in var ious
generations a n d backcrosses.
Generation
Observed Expected
Pedigree R* s * R* S* X
2
Kat 60/8 P1 - 38 38
ICPL 87119 P2 49 - 49
Kat 60/8 x I C P L 87119 F1
- 14 18
Kat 60/8 x ICPL 87119 F2 74 133 78 129 0.33
F1x ICPL 87119 BC, 28 35 31.5 31.5 0.78
F1x Kat 60/8 BC 2 16 43 15 45 0.17
Kat 60/8 P1 - 20 20 -
ICP 8863 P2 51 - 51 -
Kat 60/8 x ICP 8863 F1
- 17 17 -
Kat 60/8 x ICP 8863 F2 82 135 81 136 0.0196
F1x ICP 8863 BC1 7 10 8.5 8.5 0.029
F1x Kat 60/8 BC 2 10 34 11 33 0.324
R* = resistant, S* = susceptible
Chi at 5% level of confidence, 1 df = 3.84
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T h e d i f ferences in the segregat ion values seen above f o r Tables 1, 2 and 3 c o u l d be
exp la ined by the fact that the source o f resistance used in every table was o f d i f fe ren t o r i g i n .
I n Tab le 1 , the source o f resistance was o f A f r i c a n o r i g i n bu t had been i m p r o v e d us ing
I n d i a n mate r ia l . I n Table 2 , the source o f resistance was o f East A f r i c a n o r i g i n . T h e rest
were rather u n i f o r m because the sources o f resistance were a l l o f I n d i a n o r i g i n .
T h e resul ts f r o m these exper iments showed that the genes f o r th is t ra i t are con t ro l l ed
d i f f e ren t l y depend ing on the o r i g i n o f the resistance source used in a par t i cu la r cross. I t was
also observed that there are genet ic d i f ferences be tween p igeonpeas o f I n d i a n o r i g i n and
those o f A f r i c a n o r i g i n .
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Tab le 1 . M a j o r f i e l d insect pests o n p igeonpea i n K e n y a , M a l a w i , T a n z a n i a , a n d
U g a n d a .
Family
Pest status*


































* 1 = Serious, widely distributed, causes heavy economic losses. 2 = Common, causes widespread concern. 3 = Occasionally
serious, sporadic or of local importance
Source: Minja et al. 1999
Introduction
Pigeonpea is a m a j o r l egume c rop in the t rop ics and sub- t rop ics , and accounts f o r 5% o f
w o r l d l e g u m e p r o d u c t i o n ( H i l l o c k s e t a l . 2 0 0 0 ) . I t i s s t i l l a neglected c rop in te rms o f the
amoun t o f research done on i t , despi te i ts m a n y uses. There is great po ten t ia l f o r the
expans ion o f the c rop i n the semi -a r id reg ions o f A f r i c a , where i t c o u l d counteract d e c l i n i n g
so i l f e r t i l i t y . One m a i n const ra in t to expans ion o f p igeonpea p roduc t i on i s its suscept ib i l i t y
to insect pests and diseases. T h e m o s t i m p o r t a n t insect pests in the reg ion are those
that a t tack the c rop a t the rep roduc t i ve stage and d u r i n g storage; they i nc lude the p o d -
suck ing bugs (dom ina ted by Clavigralla tomentosicollis S ta l ) , p o d borers (He l i cove rpa
armigera Hubner , Maruca vitrata (= testulalis) Geyer , Etiella zinckenella T re i t schke ,
Lampides spp) , p o d f l y (Melanagromyza chalcosoma Spencer) , and b ruch ids
(Ca l losobruchus spp) (Table 1).
Cons iderab le w o r k has been done by na t iona l p rog rams in Eastern and Southern A f r i c a
and by I C R I S A T i n deve lop ing h i g h y i e l d i n g shor t - , m e d i u m - , and long-dura t ion p igeonpea
Yield Losses due to Field Pests and Integrated Pest
Management Strategies for Pigeonpea - a Synthesis
E M Minja
1
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genotypes. These have been tested at var ious loca t ions in each count ry . The shor t -dura t ion
genotypes have great po ten t ia l in areas w i t h re l iab le i r r i ga t i on and can escape d rough t in a 
t runcated ra iny season. H o w e v e r , the determinate types that ma tu re in 3-4 mon ths have
disadvantages to sma l lho lde r farmers because the i r de te rm inancy makes them more
vulnerab le to f l o w e r - and pod- feed ing insects.
Y i e l d losses due to f i e l d insect pests on p igeonpea in f a rmers ' f ie lds in Eastern and
Southern A f r i c a d u r i n g 1995/96 are s h o w n in Table 2 . A n a l y s i s o f damage levels by each
pest g roup ind ica ted that pod -suck ing bugs caused m o r e damage in M a l a w i and K e n y a ,
w h i l e p o d borers caused more damage in Tanzania and U g a n d a (Tab le 3) . Pod f l y caused
m o r e damage in K e n y a than in the other count r ies . Pod f l y damage was h i g h in crops
ma tu r i ng d u r i n g c o o l weather ; p o d borer damage was h i g h on crops ma tu r i ng du r i ng w a r m
weather, and damage f rom pod -suck ing bugs was h i g h regardless o f weather cond i t ions .
Greater var ia t ions in losses were observed be tween loca t ions in K e n y a , M a l a w i , and
Tanzania than in Uganda . W a r m and d r y locat ions had sma l le r y i e l d losses than w a r m and
h u m i d , coo l and dry , o r c o o l and h u m i d locat ions ( M i n j a e t a l . 1999) .
Losses Associated with Pest Groups
Pod-sucking Hemiptera
A large number o f Hemip te ra , m a i n l y in the fami l i es A l y d i d a e , Core idae, and Pentatomidae,
feed on p igeonpea and are c o m m o n l y re fer red to as p o d - s u c k i n g bugs (Lateef and Reed
1990). A f e w species are w idespread and ser ious pests of p igeonpea. The most impor tan t
are core ids, Clavigralla (= Acanthomia) spp, Anoplocnemis spp, Riptortus spp, and
Mirperus spp. Research ef for ts have concent ra ted on three Clavigralla species:
Table 2 . M e a n y ie ld losses ( % ) due to f ie ld insect pests on pigeonpea in f a r m e r s ' f ields,
1995 a n d 1996.









Table 3 . C o n t r i b u t i o n ( % ) of f ie ld pest groups to pigeonpea yie ld losses in f o u r
countries.

















C. tomentosicollis Stal w h i c h is w idespread in sub-Saharan A f r i c a , C. scutellaris W e s t w o o d
w h i c h i s f o u n d f r o m K e n y a t h rough Y e m e n , O m a n , Pak is tan and I n d i a ( D o l l i n g 1979) , and
C. gibbosa Sp ino la w h i c h is res t r ic ted to I nd i a and Sr i L a n k a . Th ree add i t i ona l Clavigralla 
species are also associated w i t h p igeonpea: C. shadabi in Weste rn and Cent ra l A f r i c a ,
C. elongata S ignore t in Eastern and Southern A f r i c a , and C. horrida G e r m a r in Z i m b a b w e
and South A f r i c a . T h e last t w o species are s im i l a r and o f ten con fused in the f i e l d and in
l i terature (Shanower e t a l . 1999) .
A d u l t s and n y m p h s feed on p igeonpea by p i e r c i ng t h r o u g h the p o d w a l l and ex t rac t ing
nutr ients f rom the deve lop ing seeds. D a m a g e d seeds are da rk and sh r i ve led , they do not
germina te , and are no t acceptable f o r h u m a n c o n s u m p t i o n ( M a t e r u 1970) . In Tanzania,
M a t e r u (1970) repor ted that m o r e than 5 0 % o f p igeonpea seeds were d i s f i gu red and
unmarketab le because o f pod -suck ing b u g damage. I n M a l a w i , p o d - s u c k i n g bugs accounted
fo r 6 0 % and 7 5 % o f p igeonpea seed losses i n fa rmers ' f ie lds i n 1995 and 1996, respect ive ly .
I n K e n y a , Tanzania , and U g a n d a losses ranged between 35 and 6 5 % ( M i n j a 1997).
Pod-feeding Lepidoptera
W o r l d w i d e , over 30 species o f Lep idop te ra in s ix f am i l i es feed on the reproduc t i ve
structures o f p igeonpea (Shanower e t a l . 1999). T h e mos t i m p o r t a n t species in Eastern and
Southern A f r i c a are Helicoverpa armigera, Maruca vitrata, Etiella zinckenella, and
Lampides spp. H. armigera la rvae feed on seedl ing fo l i age , f l o w e r buds, f l owe rs , and
deve lop ing seeds. M. vitrata and Lampides larvae feed on f l o w e r buds, f l owe rs , and
deve lop ing seeds. E. zinckenella larvae feed on m a t u r i n g and d r y i n g seed ins ide the pods.
No deta i led studies have been conduc ted on p igeonpea p o d borers i n the reg ion . Resul ts
f r o m surveys i n f a rmers ' f ie lds i n K e n y a , M a l a w i , Tanzania , and U g a n d a , and on-s ta t ion
t r ia ls in K e n y a and M a l a w i , have ind ica ted that pod - feed ing L e p i d o p t e r a larvae accounted
fo r 5 - 3 5 % o f the seed losses on p igeonpea genotypes ( M i n j a 1997) .
Seed-feeding Diptera
T h e la rva of the p igeonpea p o d f l y , Melanagwmyza chalcosoma, f eed on deve lop ing seeds
w i t h i n the p o d ( M i n j a 1997). A second species, M. obtusa M a l l o c h , appears to be restr ic ted
to A s i a . B o t h species feed o n l y on p igeonpea and re la ted species w i t h i n the subtr ibe
Cajan inae. Pod f l y damage has been repor ted f rom several count r ies . Ex tens ive studies have
been conducted on M. obtusa in A s i a (Shanower et a l . 1998). A l t h o u g h M . chalcosoma has
not been stud ied as ex tens ive ly , i t seems to occupy a s im i l a r eco log i ca l n iche ( M i n j a 1997).
T h e d i f ference between these t w o species is that a s ing le seed l ocu le con ta ined more than 2 
larvae/pupa o f M . chalcosoma ( up to 40 larvae/pupa were observed per p o d o f f i ve seeds in
K e n y a ) compared to 1 or 2 f o r M. obtusa in I nd ia . In Eastern and Southern A f r i c a , p o d f l y
accounted fo r u p t o 4 % , 7 % , 1 3 % , and 4 6 % o f seed losses i n M a l a w i , Tanzania , Uganda ,
and Kenya , respect ive ly ( M i n j a 1997) .
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Influence of Sowing Date on Yield Losses
T h e in f l uence o f s o w i n g date on y i e l d losses was s tud ied a t three loca t ions i n K e n y a . T w o
shor t -dura t ion genotypes, determinate I C P L 87091 and indeterminate K a t 60 /8 , were s o w n
in N o v , Jan, and M a r c h a t K i b o k o . T h e Jan and M a r c h sow ings were p lanned to co inc ide
w i t h the ma tu r i t y t imes fo r m e d i u m - and l ong -du ra t i on genotypes, respect ive ly . I n another
study, shor t - , m e d i u m - , and long -du ra t i on genotypes were sown at M t w a p a ( 5 0 m a l t i tude) ,
K i b o k o (920 m ) , and Kabete (1825 m ) . T h e crops were g r o w n w i t h and w i t h o u t insect ic ides
to enable the assessment o f avo idab le y i e l d losses.
M e a n g ra in y i e l d losses increased w i t h de layed s o w i n g : 6 2 % , 6 8 % , and 7 4 %
respect ive ly f o r N o v , Jan, and M a r s o w i n g dates (Table 4 ) . G r a i n y i e l d losses f o r K a t 60 /8
were s im i l a r fo r d i f fe rent s o w i n g dates, w h i l e losses on I C P L 87091 increased w i t h de lay i n
s o w i n g . M e a n y i e l d losses across locat ions were s imi lar , 4 0 - 4 6 % in crops p lan ted in A p r i l a t
M t w a p a , M a r c h a t K i b o k o , and Oc t a t Kabe te (Table 5 ) .
Y i e l d losses due to pod borers were h ighe r on crops f l o w e r i n g and m a t u r i n g d u r i n g
w a r m weather than on crops ma tu r i ng d u r i n g c oo l weather (Table 6 ) . In contrast , losses due
to p o d f l y were very l o w du r i ng w a r m weather and h i g h d u r i n g c oo l weather. Losses due t o
pod -suck i ng bugs were h i g h in a l l weather cond i t i ons .
Tab le 4 . M e a n yie ld losses ( % ) due to f ie ld insect pests on t w o s h o r t - d u r a t i o n
pigeonpea genotypes sown on d i f ferent dates a t K i b o k o , K e n y a , 1995 a n d 1996 .
Genotype Nov sown Jan sown Mar sown
1CPL 87091 63 70 82
Kat 60/8 60 67 67
Mean 62 68 74
SE± 1.7 1.3 2.6
C V (%) 11.7 9.2 17.1
Tab le 5 . M e a n pigeonpea y ie ld losses ( % ) due to f ie ld insect pests at three locations in
K e n y a , 1995 a n d 1996.
Genotype Mtwapa Kiboko Kabete
ICPL 87091 42 35 36
Kat 60/8 36 29 32
ICP 12734 39 43 64
K A T 81/3/3 45 51 53
Mean 40 40 46
SE± 1.2 2.8 3.4
CV(%) 10.1 15.7 34.4
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Table 6 . M e a n y ie ld losses ( % ) due to f i e ld pests on pigeonpea m a t u r i n g a t d i f fe rent
dates a t K a b e t e a n d K i b o k o , K e n y a .
Kabete Kiboko

















Pigeonpea pest management is comp l i ca ted by several fac tors . T h e c rop is a t tacked by a t
least three pest g roups w i t h ve ry d i f fe ren t b io log ies . These d i f ferences inc lude host range
(o l i gophagous to h i g h l y po lyphagous) , apparency ( f eed ing on the p lan t versus concea led
feed ing ) , and f eed ing m o d e ( c h e w i n g versus p i e r c i ng and suck ing ) . T h e pests a lso have
h i g h l y var iab le popu la t i on dynamics across years and loca t ions , and a t least one ,
H. armigera, has deve loped h i g h levels of resistance to several insect ic ides (Shanower et a l .
1999) . T h e key pests are a l l d i rec t pests, feed ing on the p o r t i o n o f the c rop mos t va lued by
humans , and each is capable o f comp le te l y des t roy ing a c r o p . E c o n o m i c thresholds have no t
been deve loped f o r any pest o f p igeonpea. A n o t h e r obstac le to progress in p igeonpea pest
management is that i t has been considered a marg ina l c rop or is the neglected componen t o f
a m i x e d c r o p p i n g sys tem and is thus g i ven less a t ten t ion by fa rmers , c rop p ro tec t i on
special is ts, and p o l i c y makers .
T h e p r i m a r y focus of p igeonpea pest management has been on H. armigera and
M. obtusa in I n d i a , w i t h emphasis on chemica l con t ro l and host p lan t resistance (La tee f and
Reed 1990) . A m a j o r change in fa rmers ' pest management pract ices has been the
widespread adop t i on o f synthet ic pest ic ides as the p r i m a r y m e t h o d o f pest con t ro l i n some
areas (Shanower e t a l . 1999). In Ind ia , calendar sprays are recommended and f o l l o w e d , w i t h
the f i rs t app l i ca t i on a t 5 0 % f l o w e r i n g and the second and t h i r d app l ica t ions a t 15-day
in terva ls . Farmers in southern I nd i a n o w app ly pest ic ides 3-6 t imes per season (Shanower e t
a l . 1999) . T h i s change has occur red over a p e r i o d of about 10 years, and there are
ind ica t ions that p igeonpea farmers in A f r i c a m a y f o l l o w a s im i l a r t rend ( M i n j a 1997) . T h e
rap id increase in pest ic ide use on p igeonpea is a l a r m i n g and emphasizes fa rmers ' concern
w i t h insect pests. T h e t rend also h igh l i gh ts the need f o r safe and e f fec t ive management
strategies.
T h e use o f a l te rnat ive insect ic ides such as p lan t -de r i ved products (e .g . neem,
Azadirachta indica) and insect pathogens, pa r t i cu la r l y the Helicoverpa nuc lear
po lyhedros is v i r us ( N P V ) , i s cons idered to be safer f o r humans and the env i ronmen t , and to
cause less damage to bene f i c ia l organisms than conven t i ona l insect ic ides. N e e m produc ts
have t rad i t i ona l l y been used in storage in I nd ia . C o m m e r c i a l l y f o rmu la ted neem produc ts
are ava i lab le in m a n y count r ies , a l though results on p igeonpea have been inconsis tent . T h e
use o f N P V to c o n t r o l H . armigera has rece ived m u c h a t ten t ion , pa r t i cu la r l y in I n d i a ,
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t hough re l iab le con t ro l on p igeonpea has no t been obta ined (Shanower e t a l . 1999). B o t h
neem and N P V produc ts suf fer f rom poor and h i g h l y var iab le qua l i t y and a more l i m i t e d
d is t r i bu t i on n e t w o r k than conven t i ona l insect ic ides. These p rob lems mus t be ove rcome
before these products can be cons idered e f fec t ive and prac t ica l a l te rnat ive con t ro l methods .
T h e poss ib i l i t y o f fa rmers o r fa rmer cooperat ives p roduc ing and us ing p lan t -der i ved o r
insect pathogen produc ts on a l oca l scale shou ld attract the a t ten t ion and resources of a 
number o f organ izat ions.
T h e deve lopmen t o f insect-resistant and/or to lerant genotypes has been a h i g h p r i o r i t y
f o r b o t h nat iona l and in te rna t iona l research programs fo r m a n y years. P igeonpea l ines w i t h
resistance to e i ther o r b o t h p o d borers and p o d f l y have been repor ted , b u t l i t t l e progress has
been made in i nco rpo ra t i ng resistance in genotypes that are w i d e l y cu l t i va ted by fa rmers .
Frequent ly the resistant l ines are less pre fer red in terms of taste, seed co lor , and/or s ize, and
are o f ten suscept ib le to diseases (Shanower et a l . 1999).
T rad i t i ona l p igeonpea landraces are m e d i u m - to l ong -du ra t i on and m a y have been
selected to avo id peak pest at tack. Select ing c o m p a n i o n crops or cu l t i va rs has also been
invest igated as a means to m i n i m i z e pest damage (La tee f and Reed 1990) . T h e widespread
pract ice o f i n te rc ropp ing longer -dura t ion p igeonpea genotypes w i t h one o r more compan ion
crops may have e v o l v e d t h rough fa rmers ' desire to reduce r isks o f insect o r o ther losses.
T h e compan ion crops are usua l ly harvested before p igeonpea f l owe rs . Thus , w h e n
pigeonpea is mos t a t t ract ive to the key pests, i t is func t iona l l y a sole c rop and there is se ldom
any reduc t ion in pest damage re la t ive to so le-cropped p igeonpea (Shanower e t a l . 1999).
Recent ly deve loped shor t -dura t ion p igeonpea genotypes, w h i c h matu re in less than 4 
mon ths , may o f fer new oppor tun i t ies f o r cu l tu ra l o r ag ronomic man ipu la t i ons to m i n i m i z e
insect damage.
I m p r o v i n g the i m p a c t o f natura l con t ro l agents i s perhaps the mos t neglected area o f
p igeonpea pest management research. A l t h o u g h a number of natura l enemies have been
recorded f r o m the key pests o f p igeonpea ( M i n j a e t a l . 1999, Shanower e t a l . 1999), l i t t l e i s
k n o w n o f the i r e f fect on pest popu la t i on dynamics . No re l iab le o r comprehens ive l i f e table
study has been pub l i shed that evaluates the ro le and impac t o f natura l enemies of any insect
pest on p igeonpea. A n u m b e r of p igeonpea characters that i n h i b i t natura l enemies have been
iden t i f i ed . D e v e l o p i n g genotypes that lack these characters w o u l d be a prac t ica l approach to
i m p r o v i n g natura l enemy impac t . M u c h more needs to be k n o w n o f the pests and the i r
natura l enemies, pa r t i cu la r l y in th is reg ion , before the feas ib i l i t y o f natura l enemy impac t
can be de te rmined .
K n o w l e d g e o f the impac t , d y n a m i c s , and eco logy o f the pests and the i r natura l enemies
is essential before e f fec t ive con t ro l strategies can be deve loped. These studies must focus on
c ropp ing systems as p igeonpea is f requent ly one componen t o f a c o m p l e x f a r m i n g system.
Other t rop ica l legumes are pa r t i cu la r l y impor tan t because they share a number of pests and
natura l enemies w i t h p igeonpea. There is no short -cut or mag ic bu l l e t to reduce losses due to
insect pests immed ia te l y . Progress w i l l be inc rementa l , and in the short t e r m , the greatest
impac t m a y c o m e f r o m i m p r o v i n g insect ic ide app l i ca t ion . T h i s w o u l d i n v o l v e enhanc ing
the sk i l l s needed to scout f i e lds and p roper l y m i x and app ly insect ic ides and p r o v i d i n g
unbiased i n f o r m a t i o n on the re la t i ve r isks and benef i ts o f d i f fe ren t insect ic ides. A strategy
f o r the m e d i u m t e r m shou ld concentrate on deve lop ing i m p r o v e d genotypes that c o m b i n e
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h i g h y i e l d and disease and insect resistance i n to backgrounds w i t h consumer -and marke t -
p re fer red ag ronomic characters. L o n g e r t e r m so lu t ions mus t focus on w a y s to enhance
natura l enemy con t ro l processes, e i ther by i n t r o d u c i n g exot ic na tu ra l enemy species o r by
enhanc ing the ef fect iveness o f endemic species.
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1
Introduction
Pigeonpea i s an impor tan t source o f p ro te in in the d r ie r areas o f Uganda. Y ie lds on fa rmers '
f ie lds average 300-600 kg ha -1, compared to 1.4 t ha - 1 obta ined at exper imen ta l stat ions
( M A A I F 1992). One o f the causes o f l o w p igeonpea y ie lds i n most reg ions o f the w o r l d i s
heavy insect damage. O v e r 200 a r th ropod species have been repor ted to feed on the c rop
(Reed and L a t i f 1990), bu t mos t o f these are regarded as m i n o r (Reed et a l . 1989). Insect
pests damage a l l parts o f the p igeonpea p lan t f r o m roots to f lowers , pods , and seeds. T h i s
paper summar izes prev ious and ongo ing studies on the eco logy and management o f
p igeonpea pests in Uganda.
Previous Work
Pest species
T h e ear l iest a t tempt to document insect pests o f p igeonpea in Uganda was by Le Pe l ly
(1959 ) , w h o l is ted 51 species as feed ing on the c rop - 23 hemip tera , 23 lep idoptera ,
1 d ip te ran , 3 co leoptera, and 1 o r thopteran . T h i r t y - f i v e years later, N i g h t and Ogenga-
L a t i g o (1994) recorded 19 insect species as e i ther c o m m o n or rare pests of p igeonpea in
Uganda , of w h i c h they cons idered e igh t to be impo r tan t -Aphis craccivora, Clavigralla sp,
Helicoverpa armigera, Maruca testulalis, Exelastis atomosa, Lampides boetius, Etiella 
zinckenella and Melanagromyza chalcosoma. T h e y c l a i m to have f o u n d seven species as
new records on the c rop in the count ry . H o w e v e r , they d i d not study the d i s t r i bu t i on o f the
var ious species. M o r e impor tan t l y , the study was conducted in a p redom inan t l y non -
p igeonpea g r o w i n g area, and therefore m a y not represent the correct or t yp i ca l s i tua t ion .
In 1995 and 1996, surveys conducted in fa rmers ' f ie lds in Uganda ( M i n j a 1997) ident i f ied
s ix insect species as the m a j o r field pests - Melanagromyza chalcosoma, Clavigralla 
tomentosicollis, Etiella zinckenella, Helicoverpa armigera, Maruca testulalis, and Maruca vitrata. 
T h e d i f ference in the number o f species be tween these t w o studies m a y be due to
d i f ferences in study areas and var iet ies: M i n j a s tud ied m a i n l y landraces, w h i l e N i g h t and
Ogenga -La t i go used i m p r o v e d short- and m e d i u m - d u r a t i o n var iet ies, w h i c h m a y be
suscept ib le to a w ide r range of pests. A l s o , N i g h t and Ogenga-La t i go cons idered a l l pests,
w h i l e M i n j a focused on pests that occur regu la r l y (as opposed to species that occur
sporad ica l l y bu t cause heavy damage) .
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Losses caused by insect pests
No deta i led y i e l d loss assessment studies have been conduc ted . Howeve r , M i n j a (1997 )
repor ted that 1 4 % and 1 6 % o f pods i n A p a c and L i r a d is t r ic ts respect ive ly were damaged by
p o d borers ; w h i l e suck ing bugs were responsib le f o r 3% and 6% seed damage i n A p a c and
L i r a respect ive ly . P o d f l y caused 4 . 4 % and 2 . 0 % damage i n A p a c and L i r a . R u b a i h a y o e t a l .
(2000) demons t ra ted that a p p l y i n g chemica l insect ic ides d u r i n g the f l o w e r i n g and p o d d i n g
stages con t ro l l ed damage due to pod -suck ing bugs, p o d borers , and p o d f l y , and resu l ted in
a 4 3 % increase in p igeonpea gra in y i e l d . H o w e v e r , no a t tempt was made to appor t i on the
to ta l losses a m o n g d i f fe ren t pests, o r to establ ish econom ic i n j u r y leve ls .
Control of insect pests
Surveys by M i n j a (1997) have s h o w n that very f e w fa rmers i n nor thern Uganda c o n t r o l f i e l d
insect pests o f p igeonpea. A p a r t f rom insect ic ides there are no establ ished con t ro l methods
f o r p igeonpea pests in Uganda .
Ongoing Research
I t is apparent that i n f o r m a t i o n is l a c k i n g in several areas:
• D a m a g e - y i e l d re la t ionsh ips and th resho ld ( econom ic ) i n j u r y leve ls fo r d i f fe ren t pests
• A p p r o p r i a t e i n te rven t i on methods
• Popu la t i on d y n a m i c s and eco logy of insect pests.
Some o f these aspects are be ing hand led under the European U n i o n Pro ject , w i t h add i t i ona l
f u n d i n g f r o m N A R O , w h i c h focuses on p o d borers and pod -suck i ng bugs. Pro ject ac t iv i t ies
inc lude :
• E f f ec t o f i n t e r c ropp ing on popu la t ion densi t ies o f p o d borers and pod -suck ing bugs
• E f fec t o f p l a n t i n g t i m e on pest inc idence and damage
• Assessment of losses
• E f fec ts of b io ra t iona ls .
Effect of intercropping
Ef fec ts o f i n te r c ropp ing p igeonpea w i t h f i nger m i l l e t on pest occurrence/damage a t p o d d i n g
were s tud ied a t t w o locat ions - Make re re U n i v e r s i t y A g r i c u l t u r a l Research Ins t i tu te
K a b a n y o l o ( M U A R I K ) and Nge t ta , a t rad i t i ona l p i geonpea -g row ing area. T w o
in te r c ropp ing patterns and sole c rop were s tud ied . T h e in te rc rop patterns were ( i ) 2 r o w s o f
f i nge r m i l l e t a l te rna t ing w i t h 2 r o w s o f p igeonpea, ( i i ) 3 r o w s o f f i nge r m i l l e t a l te rna t ing
w i t h 3 r o w s o f p igeonpea.
Resul ts are s h o w n in Table 1 . Pod borers were no t a f fected by the i n te rc ropp ing pat te rn ,
bu t pod -suck i ng bugs were reduced by w i d e l y spaced p igeonpea r o w s . T h e p r o p o r t i o n o f
seed damage was l owes t in the 3:3 in te rc rop . D a m a g e in the sole c rop and the 2:2 in te rc rop
were h i g h and s imi la r . T h u s , w h i l e the data on 2:2 versus 3:3 patterns are not conc lus i ve , i t
i s l i k e l y that w i d e l y spaced r o w s (or groups o f r o w s ) , e.g. 3:3, w i l l reduce insect damage.
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T a b l e 1 . E f fec t o f in tercropping on tota l percentage seed d a m a g e by p o d a n d seed
pests, M U A R I K a n d Nget ta , U g a n d a .
Cropping system M U A R I K Ngetta
Sole crop
Mil let:pigeonpea intercrop 2:2
Millet:pigeonpea intercrop 3:3
23.2 ± 4
22.8 ± 2 . 1
19.5 ± 2 . 7
21.4 ±1 .05
23.8 ± 0.2
17.0 ± 2 . 7
Tab le 2 . Ef fect of p lant ing t ime on percentage seed d a m a g e by p o d a n d seed pests,
M U A R I K a n d Nget ta , U g a n d a .
Planting time Pod borers Pod-sucking bugs Pod fly 
M U A R I K
Ngetta
Onset of rain
2 weeks after onset of rains
4 weeks after onset of rains
Onset of rain
2 weeks after onset of rains
4 weeks after onset of rains
8.8 ± 1 . 7 5
7.4 ± 1 . 7 5
4.9 ± 2.25
9.9 ± 3 . 6 0
8.8 ± 0 . 7 0
7.8 ± 2.45
10.9 ± 3.75
8.4 ± 1 . 4
13.3 ± 1 . 3 5
13.1 ± 2 . 9 5
11 .0±1 .0
15.5 ± 0 . 5 5
1.7 ± 0 . 2
1.3 ± 0 . 1 5
1.1 ± 0 . 2 5
5.3 ± 0.35
4.6 ± 0 . 4 5
3.1 ± 0 . 5 5
Effect of planting date
La te p l an t i ng increases damage by p o d suckers bu t reduces damage by p o d borers (Tab le 2 ) .
T h u s , appropr ia te cu l tu ra l pract ices w i l l depend on the re la t ive impor tance of the pests a t a 
g i v e n l oca t i on . T h i s i s t rue fo r p lan t i ng date, and to some extent f o r i n te rc ropp ing pat tern .
Effect of insecticide application on pest damage and yield
A p p l i c a t i o n o f d imethoate (400 g a i ha -1) s i gn i f i can t l y reduced damage due to p o d borer,
p o d suckers, and pod f l y a t bo th locat ions. T h i s increased y ie lds by 6 4 % and 3 0 % in the f i rs t
and second rains respect ive ly a t M U A R I K ; and by 110% and 3 0 % a t Nge t ta in the f i r s t and
second ra ins respect ive ly (F i g . 1).
F i g u r e 1 . E f fect o f d imethoate appl ica t ion on pigeonpea y ie ld a n d pest d a m a g e a t
M U A R I K a n d Nget ta , f i rst a n d second seasons 1999.
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Tab le 3 . Effects o f neem a n d Tephros ia extracts on pigeonpea pest popu la t ion ,
M U A R I K a n d Nget ta , U g a n d a .
Concentration Pod borers % pod Pod suckers % pod Yield
per plant damage per plant damage (kg ha-')
Muarik
Untreated control 0 5.5 36.1 1.7 19.2 306.1
Neem 18 5.5 33.2 1.8 18.4 479.0
(g ai per ha) 36 5.0 23.3 1.7 15.7 583.3
72 4.8 19.5 1.7 12.3 616.4
Fresh Tephrosia 67 5.6 27.7 1.5 18.0 458.3
(kg leaves per ha) 134 5.5 25.7 1.5 15.7 510.3
268 4.8 19.3 1.7 8.6 671.9
Dimethoate 200 2.4 23.3 0.9 14.5 736.5
(g ai per ha) 400 1.9 13.3 0.1 9.5 839.2
800 0.5 12.1 5.0 908.5
Ngetta
Untreated control 0 2.0 42.8 1.8 34.7 155.0
Neem 18 1.8 33.3 1.4 19.7 263.9
(g ai per ha) 36 1.8 31.4 1.3 15.3 359.0
72 1.7 21.0 1.5 10.9 374.9
Fresh Tephrosia 67 1.8 30.1 1.5 20.5 213.0
(kg leaves per ha) 134 1.8 27.4 1.5 13.8 270.3
268 1.8 14.3 1.5 9.1 417.3
Dimethoate 200 1.1 7.4 0.8 21.8 695.6
(g ai per ha) 400 0.7 3.8 0.4 17.2 785.5
800 0.6 2.2 0.2 7.7 875.5
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Effects of biorationals
T h e e f fec t o f neem and Tephros ia on pest p o p u l a t i o n densi t ies was s tud ied . T h e chemica ls
were app l ied at three d i f fe ren t concent ra t ions - r ecommended rate, h a l f the r e c o m m e n d e d
and t w i c e the recommended rate. R e c o m m e n d e d rates are: d imethoa te 4 0 0 g a i ha - 1 , neem
36 g ai ha - 1 , Tephros ia 134 kg leaves per ha.
Tephros ia and neem d i d no t s i gn i f i can t l y reduce the popu la t i on dens i ty o f p o d borers o r
p o d - s u c k i n g bugs, w h i l e d ime thoa te s i gn i f i can t l y con t ro l l ed the p o p u l a t i o n dens i ty i n bo th
pests, the ef fect increas ing w i t h inc reas ing concent ra t ion (Table 3) .
A l t h o u g h the botanica ls d i d no t s i gn i f i can t i y reduce pest p o p u l a t i o n densi ty , they
reduced p o d damage s ign i f i can t l y . Be t te r con t r o l was obta ined a t h igher concen t ra t ion o f
the botanica ls .
T h e reduc t ion i n p o d damage was re f lec ted i n h igher y i e l d . I n a l l cases g ra in y i e l d
increased w i t h increase i n concen t ra t i on o f chemica ls . A p p l i c a t i o n o f d imethoa te gave
better y ie lds than b io ra t iona ls . A p p l y i n g d imethoate a t doub le the r e c o m m e n d e d rate
increased y i e l d by 6 4 % . A t the h ighest concen t ra t ion , app l y i ng Tephros ia resu l ted i n h igher
g ra in y i e l d than app l i ca t ion o f neem.
Discussion
T h e present resul ts ind icate that damage caused by insect pests is s ign i f i can t and warrants
con t ro l . In c o m m e r c i a l f a r m i n g , use o f c h e m i c a l insect ic ides w o u l d have been the so lu t i on .
In such a s i tua t ion the concern of the sc ient is t w o u l d be to establ ish the economic th resho ld
and economic i n j u r y levels o f the va r ious pests and thus determine the appropr ia te
app l i ca t ion rates.
Pigeonpea in Uganda i s g r o w n la rge ly by subsistence farmers w h o cannot a f f o rd
pest ic ides; cheaper con t ro l methods are there fore needed, and Tephros ia w o u l d appear to be
appropr ia te . T h e present studies showed that b o t h neem and f resh Tephros ia s ign i f i can t l y
reduced p o d damage by the m a j o r insect pests; bu t benef i t :cost analysis ind ica ted that
Tephros ia was m o r e cost -e f fect ive. T h e c a m p a i g n to p lan t Tephros ia shrubs in p igeonpea-
g r o w i n g areas needs to be in tens i f ied . H o w e v e r , we also need to l ook at the d i f f e ren t
methods o f p repar ing Tephros ia a t f a r m l e v e l , and select the best me thod .
T h e results have also demonstrated the ef fects o f cu l tu ra l pract ices on pest management .
In te rc ropp ing d i d not affect pod borers , but reduced pod -suck ing bugs. Ea r l y p l an t i ng
increased p o d borer damage but reduced damage by p o d suckers. There fo re to be able to
u t i l i ze cu l tu ra l pract ices in pest management , i t i s impor tan t to establ ish w h i c h g r o u p o f
pests causes mos t damage. Th i s suggests the need fo r m o r e deta i led studies on the damage /
y i e l d re la t ionsh ip in d i f fe rent pest species.
The eco logy o f p o d borers and p o d - s u c k i n g bugs on p igeonpea has not been w e l l
s tudied in Uganda . Consequent ly the " p u s h and p u l l " approach cannot be easi ly pu t to use.
We need to understand what factors p romo te the co lon i za t i on o f p igeonpea (pu l l ) and w h a t
discourages co lon i za t i on (push) . Unders tand ing of these factors is a prerequis i te f o r
des ign ing appropr ia te integrated pest management strategies.
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Cercospora Leafspot in Eastern Africa,




Pigeonpea is g r o w n in several count r ies in A f r i c a , the m a i n producers in Eastern and
Southern A f r i c a be ing K e n y a , M a l a w i , M o z a m b i q u e , Tanzania, and Uganda . Y i e l d - l i m i t i n g
factors inc lude diseases, w h i c h cause considerable losses. A f t e r w i l t , M y c o v e l l o s i e l l a
leafspot is the mos t impo r tan t p igeonpea disease in Eastern A f r i c a , and occurs in a l l
countr ies in the reg ion . Sever i ty ranges f r o m severe to l o w (Reddy 1991). T h e disease is
par t i cu la r ly severe in Uganda ( O n i m and Ruba ihayo 1976), Z a m b i a ( K a n n a i y a n and
H a c i w a 1990), and K e n y a ( K i m a n i 1988, Songa 1991).
M y c o v e l l o s i e l l a leafspot is k n o w n to cause y i e l d losses as h i g h as 7 5 - 8 5 % , depend ing
on loca t ion and season (Reddy e t a l . 1993). C o m b i n e d attacks o f M y c o v e l l o s i e l l a leafspot
and powde ry m i l d e w have been repor ted to cause 3 2 % y i e l d losses in M a l a w i
(Subrahmanyam 1994).
Ex tens ive l i terature rev iews on M y c o v e l l o s i e l l a leafspot are ava i lab le (e.g. K i m a n i
1996). In K e n y a , the disease was f i rs t repor ted by M u l l e r (1950) . I t is recogn ized as the
most c o m m o n leafspot o f p igeonpea i n areas w i t h h i g h ra in fa l l o r du r i ng wet g r o w i n g
seasons in d r ie r areas ( K h a n and Rach ie 1972, Ruba ihayo and O n i m 1975, O n i m and
Ruba ihayo 1976, O n i m 1980). T h e disease is w i d e l y d is t r ibu ted and causes considerable
y i e l d losses. In K e n y a , regu lar occurrence has been repor ted in fa rmers ' f ie lds and
exper imenta l p lo ts i n the l o w e r semi -a r id areas o f K i a m b u , M u r a n g a , E m b u , and K i t u i
d ist r ic ts ( K i m a n i 1988, Songa 1 9 9 1 , Songa and K i n g 1994). I t occurs in ep idemic
propor t ions in h igh -a l t i t ude areas (1200 -1700 m) in years w h e n ra in fa l l i s heavy and the
ra iny season extended (Songa et a l . 1991). In M a l a w i the disease is preva lent in a l l ma jo r
p igeonpea-g row ing areas, especia l ly those w i t h h i g h h u m i d i t y (Sub rahmanyam 1994).
Etiology of Mycovellosiella Leafspot
M y c o v e l l o s i e l l a leafspot is caused by the fungus Mycovellosiella cajani (Henn . ) Range l ex
Tro t te r syn . Cercospora cajani (Henn . ) = Vellosiella cajani (Range l ) ( D e i g h t o n 1974).
C o n i d i a o f M. cajani isolates a t tack ing p igeonpea in K e n y a have been descr ibed by N j o y a
(1991) and Gatheca (2000) . T h e i r mo rpho log i ca l character ist ics are s im i l a r to those
descr ibed by D e i g h t o n (1974) f o r the genus M. cajani. T h e con id ia are borne at the t i p of the
con id iophore , f o r m i n g chains or ac t ing as con id iophores . C o n i d i a vary cons iderab ly in size,
rang ing f r o m 9-36 μ by 4 .5 -6 μ. T h e shape is also var iab le : sub -cy l i nd r i ca l , s l i gh t l y
obc lava te -cy l ind r i c , s t ra ight , rare ly cu r ved , or shoe-shaped. D i s t i nc t con id ia l scars are
1. Nat ional Pyrethrum Research Centre, PO Box 100, M o l o , Kenya
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observed a t the ends. M o s t c o n i d i a are aseptate or have one sep tum; occas iona l l y c o n i d i a
w i t h 3-4 septa are observed. C o n i d i o p h o r e s appear pale b r o w n , s m o o t h , septate or
con t i nuous , s t ra ight o r s l i gh t l y f l e x u o u s , i r regular , c y l i n d r i c a l , and f requen t l y n a r r o w i n g a t
the base. There is some va r i a t i on in con id iophores . Some are shor t , some are t e r m i n a l , and
others arise as lateral branches o f secondary m y c e l i a l hyphae. S l i gh t d i f ferences in
d imens ions and shapes observed f rom those descr ibed by D e i g h t o n (1974 ) we re a t t r ibu ted
to natura l var ia t ions w i t h i n the pa thogen and env i ronmen ta l cond i t i ons .
Culture Requirements
Severa l wo rke rs have repor ted that Cercospora species do not sporu late eas i ly in cu l t u re ; a 
m e d i u m sui table f o r one species m a y no t p rove sat is factory f o r another (Goode and B r o w n
1970, S m i t h 1971). H o w e v e r , to create a r t i f i c ia l ep idemics , a q u i c k m e t h o d f o r spore
p r o d u c t i o n is a prerequis i te . E x p e r i m e n t s were therefore conduc ted to establ ish sui table
env i r onmen ta l factors f o r the g r o w t h and sporu la t ion of Mycovellosiella cajani in cu l tu re
( N j o y a 1991). S ix med ia were i nocu la ted w i t h a suspension of spores (2 x 105 c o n i d i a m L - 1 )
f r o m a spon i l a t i ng co lony of M. cajani. N u m e r o u s co lon ies occur red on p igeonpea lea f
decoc t i on agar ( P L D A ) , and a fa i r n u m b e r on carrot lea f decoc t ion agar and po ta to dextrose
agar. The re were very f e w or ve ry s m a l l co lon ies on potato car ro t agar, car ro t agar, and
p igeonpea mea l agar. A l l cu l tures were m o r e or less s im i la r in m o r p h o l o g y , rang ing f r o m 1 
to 3 mm in d iameter ( N j o y a 1991) . Co lon ies o f M. cajani appear gray on P L D A ( N j o y a
1 9 9 1 , Gatheca 2000) . Mycovellosiella cajani sporulated over a w i d e rage of pH levels ( p H
4 - 1 0 ) , bu t o p t i m a l l y a t pH 5. Spo ru la t i on occur red in a l l the three l i gh t reg imes tested - 24
h dark , 24 h l i gh t , and 12/12 h l i gh t / da r k - but mo re co lon ies (h igher sporu la t ion ) appeared
in the plates incubated in a 24 h l i g h t reg ime . Since sporu la t ion occur red in con t inuous
darkness, i t appears that no par t i cu la r wave leng th o f l i gh t is necessary f o r spore p roduc t i on .
M. cajani was more fas t id ious in nu t r i t i ona l requ i rements f o r g r o w t h than fo r sporu la t ion .
Sporu la t i on occur red in a l l med ia , tempera ture , p H , and l i gh t reg imes tested so l o n g as there
was c o l o n y g r o w t h . Successive se lect ive subcu l tu r ing o f the spon i l a t i ng sect ions o f the
co lon ies resul ted in cu l tures w i t h h igher sporu la t ion capaci ty ( N j o y a 1991).
Host-pathogen relationship
C o n i d i a of M. cajani ge rmina ted at d i f f e ren t rates. Germ ina ted con id i a on the lea f surface
were f i r s t observed 6 h after i nocu la t i on of 120-day o l d p lants (p igeonpea cu l t i va r N P P 670)
in the glasshouse. Each c o n i d i u m usua l l y had 1-2 germtubes emerg ing f r o m the cel ls . On
rare occasions more than t w o germtubes per c o n i d i u m were f o r m e d . A l t h o u g h mos t con id ia
had germina ted by the end of the 12 h pe r i od , penet ra t ion was observed 24 h after
i nocu la t i on . Germtubes d i d no t f o r m appresor ia and penet ra t ion was accomp l i shed th rough
the s tomata ( N j o y a 1991).
Gatheca (2000) s tud ied penet ra t ion and co lon i za t i on of M. cajani on resistant and
suscept ib le p igeonpea cu l t i va rs . She observed d i f ferences in spore ge rm ina t i on and
c o l o n i z a t i o n between resistant and suscept ib le cu l t i va rs . On the suscept ib le cu l t i va r M K S
KO 1 6 1 / 1 , spore ge rm ina t i on occur red 3 h after i nocu la t i on . Ge rmtube g r o w t h was rap id ,
6 2
side branches were p roduced near the s tomata and g rew d i rec t l y i n to the open ing . On the
resistant cu l t i va r KZ 56 , germtube g r o w t h was also rap id and extensive but no s tomata l
ingress was observed. Instead, g r o w i n g germtubes passed above or beside t hem. M o r e
penetra t ion occur red in the suscept ib le cu l t i va r 24 h after i nocu la t ion . F i f t y days after
p lant i nocu la t i on , con id iophores were observed in suscept ib le and moderate ly resistant
var iet ies, i n t e r tw ined to f o r m rope- l i ke structures. No con id iophores were observed in
resistant var iet ies.
Co lon i za t i on o f the p lant d i f fe red a m o n g suscept ib le and resistant genotypes (Gatheca
2000) . M. cajani g rew rap id ly in suscept ib le cu l t i vars and was observed in adjacent
ep ide rma l cel ls f rom the site of penet ra t ion , deep i n to the mesophy l l and near the ep idermis
of the leaf w i t h i n 12 h of i nocu la t ion . C e l l co l lapse was seen in the mesophy l l d i rec t ly b e l o w
the penetrat ion site and in su r round ing t issue 24 h after i nocu la t i on . In resistant var iet ies,
hyphae are l im i t ed to the ep idermal ce l ls or a f e w adjacent cel ls penetrated f i rs t at about 18-
24 h after i nocu la t i on , after w h i c h g r o w t h o f hyphae apparent ly ceased. T h e fungus
penetrated the host mos t l y th rough the stomata. Howeve r , d i rect penetrat ion was also
observed us ing a t ransmiss ion e lec t ron mic roscope. Depressions on the cu t i c le were
ev ident , i nd i ca t i ng pathogen ingress i n to the lea f t issues. Penetrat ion channels were
nar rower than the hyphae diameter, and funga l ingress was associated w i t h s l igh t w a l l
d isp lacement . D i rec t penetrat ion of the leaf appears to be th rough mechan ica l pressure, as
ind ica ted by i nwa rd depression o f the ce l l w a l l a t the po in t o f penetrat ion. Results f r o m this
study ind icate that resistance to M. cajani is due to l i m i t e d con id ia l ge rmina t ion and l i m i t e d
and de layed sporu la t ion on resistant genotypes (Gatheca 2000) .
Symptomatology and plant infection
M. cajani attacks al l above-ground p lan t parts except f l owers . Disease symptoms i n i t i a l l y
appear on l y on the leaves but later les ions deve lop on stems, pet io les, and pods. On the
leaves, the f i rs t ev idence of the disease is e i ther the appearance of breached i r regu lar spots
or dark b r o w n to b lack spots of less than 1 mm in size on the upper leaf surface. T h e spots
are ei ther numerous or isolated on the leaf lets and may or may not have a halo around them.
Some o f the leaves turn y e l l o w and d r o p w i t h o u t fur ther enlargement o f the spots. Y e l l o w i n g
of leaves is not related to the number of spots.
In some cases the leafspots spread to f o r m a c i rcu la r les ion 9 mm or more in d iameter .
T h e larger spots are dark b r o w n or gray. Some spots have concentr ic r ings w h i l e others do
not . On the pet io les, stems, and pods, the spots are dark and m a i n l y c i rcu la r or s l i gh t l y
e longated. Later these lesions deve lop gray centers.
In the f i e l d , l ower leaves get in fec ted f i rs t and in fec t ion progresses u p w a r d to the top
leaves. In some short-statured genotypes such as N P P 670 , the disease can progress very
rap id ly i f the outbreak is severe, and a l l leaves become severely in fec ted. In glasshouse-
inocu la ted p lants, leaves are usual ly equa l l y suscept ib le regardless of thei r pos i t i on . T h e
disease causes severe de fo l i a t i on bo th in g lasshouse- inoculated plants and in the f i e l d . In
most cases in fec ted plants d rop before t u r n i n g ye l l ow .
In case of very severe attack, leaves m a y deve lop b l i gh t symptoms , though this is not
very c o m m o n . The b l igh ted areas f i rst appear as faded green patches that later tu rn to gray
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les ions w h i c h enlarge rap id l y in favorab le weather. B l i g h t s y m p t o m s were observed a t
Kabete in the f i e l d and in 1 - and 2 - m o n t h o l d g lasshouse- inocu la ted p lants ( K i m a n i e t a l .
1994).
Epidemiology
Infec t ion by M. cajani i s f avo red by p ro l onged per iods o f h i g h mo is tu re ( M u l l e r 1950, K h a n
and Rachie 1972, O n i m 1980) . Ser ious disease outbreaks occur in seasons w h e n ra in fa l l i s
h i g h or ex tended late i n t o the season, or w h e n c l o u d y cond i t i ons persist even after the ra ins
(Songa 1991) . C o n i d i a germinate a t temperatures o f 15 -30°C ( N j o y a 1991). I n cu l tu re
(p igeonpea lea f decoc t ion agar) , g r o w t h and sporu la t ion was best a t 10 days o f i ncuba t i on ;
the o p t i m u m cond i t i ons f o r i ncuba t ion are temperature 2 0 - 2 5 ° C , 24 h l i gh t r eg ime , and pH
5 ( N j o y a 1991) .
Screening Techniques
T w o methods have been used in Eastern A f r i c a to screen f o r lea f spot resistance:
• F i e l d screening under natura l ep idemics
• A r t i f i c i a l i nocu la t i on f o l l o w e d by screening in the glasshouse and in the f ie ld .
Screening under natural epidemics
Th i s procedure was f i rs t used in M a k e r e r e Un i ve rs i t y , Uganda , d u r i n g 1971-75 ( O n i m and
Ruba ihayo 1976). A to ta l o f 2107 cu l t i va rs were p lan ted in s ing le r ows . Disease react ion
was scored 60 days af ter p l an t i ng , and 134 s ing le p lants (ea r l y -ma tu r i ng , resistant p lants
w i t h g o o d y i e l d po ten t ia l ) were selected a t the p o d - f i l l i n g stage. E leven l ines f r o m these
select ions were eva luated a t f i ve loca t ions in Uganda and K e n y a . Disease react ion in the
progeny r o w s was assessed by r a n d o m l y p l u c k i n g 18 leaf lets of approx imate ly the same age
(1 leaf le t per p lan t ) f r o m the m a i n s tem, ha l fway up the p lant , and coun t i ng the number o f
leafspots on each leaf le t . A l l 11 l ines were at tacked by M y c o v e l l o s i e l l a leafspot a t a l l
locat ions. H o w e v e r , f o u r l ines ( U C 7 9 6 / 1 , 251 /2 , 2 1 1 3 / 1 , and 2568 /1 ) showed p romise ,
w i t h a comb ina t i on o f resistance and h i g h gra in y i e l d . T h e m a r k e d d i f fe rence in disease
leve l and gra in y i e l d observed between locat ions was c lose ly associated w i t h the amoun t
and dura t ion o f r a i n f a l l , w i t h the disease be ing severe in we t areas.
Other worke rs have also eva luated p igeonpea l ines fo r resistance (Songa 1 9 9 1 , N j o y a e t
a l . 1 9 9 1 , Gatheca 2000) . Songa (1991 ) evaluated 197 l ines at K a t u m a n i , K e n y a after a 
serious outbreak o f the disease in a l l p igeonpea f ie lds a round the stat ion. T h e rap id spread
of the disease was a t t r ibu ted to h i g h ra i n fa l l that ex tended late i n t o the season, and c o l d
c loudy cond i t i ons that pers isted even af ter the ra ins. A 9-class scor ing scale was used, 1 = 
h ighest leve l of resistance, 9 = ex t reme suscept ib i l i t y . M o s t l ines succumbed to the disease
and none c o u l d be cons idered h i g h l y resistant ( the best score was 4 ) . Howeve r , 15 l ines w i t h
l o w to very l o w resistance were selected f o r fu r the r eva lua t ion a t d i f fe ren t locat ions and
seasons.
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N j o y a et a l . (1991) also repor ted that ou t o f 101 l ines eva luated at K a t u m a n i , 13 l ines
were f o u n d to be resistant, 20 modera te ly resistant, and 33 to lerant . Of the 60 l ines
evaluated at K i b o k o , 8 l ines were resistant, 8 modera te ly resistant, and 13 l ines to lerant . I t
was observed that in ea r l y -ma tu r i ng cu l t i va rs , suscept ib i l i t y increased w i t h phys io log ica l
age after f l o w e r i n g - at the p o d - f i l l i n g stage a l l f ive l ines tested showed h i g h suscept ib i l i ty .
In contrast, in la te -matu r ing cu l t i va rs suscept ib i l i t y d i d no t seem to depend on the stage o f
p lan t g r o w t h . The t w o la te -matu r ing cu l t i va rs used in the inocu la ted exper iments showed
h i g h suscept ib i l i ty a l though they were s t i l l in the vegetat ive g r o w t h stage. So l o n g as there
was enough i n o c u l u m and env i ronmen ta l cond i t i ons in the f ie ld were favorab le , the late-
m a t u r i n g cu l t ivars were severely a f fec ted. I t thus appears that ea r l y -ma tu r i ng cu l t i vars
shou ld be scored at m i d - p o d f i l l ing in o rder to avo id erroneous ra t ings due to de layed onset
and deve lopment of the disease ( N j o y a et a l . 1991). Thus , a s tandard ized ra t ing scale shou ld
inc lude the age at w h i c h p igeonpea ge rmp lasm shou ld be eva luated f o r leafspot resistance.
Artificial inoculation under controlled environment and
field screening
Numerous resistance screening techniques have been deve loped f o r o ther crops under
con t ro l l ed cond i t ions . T h e advantage o f con t ro l l ed env i ronmen ts is that screening can
usual ly be done th roughout the year, and the process is re la t i ve ly qu i ck . A technique fo r
screening p igeonpea ge rmp lasm fo r M. cajani resistance was eva luated in the glasshouse in
Kabete ( N j o y a 1991). I n o c u l u m was prepared by p ipe t t i ng 1mL of con id i a l suspension (2 x 
10 5 con id ia m L - 1 ) and spreading i t even ly on to plates of host lea f decoc t ion agar m e d i u m .
T h e plates were incubated a t 2 0 o C for -14 days. A t the end o f the incuba t ion per iod 20 mL o f
ster i le d is t i l led water was added to each cu l tu re plate and con id i a were detached by gent ly
rubb ing the cu l ture surface w i t h the ster i le edge of a m ic roscope s l ide. I nocu la t i on in the
glasshouse and in the f ie ld was accomp l i shed by spray ing p igeonpea plants w i t h con id ia l
suspension (2 x 10 6 con id ia m L - 1 ) . I nocu la t i on was repeated after 48 h. H i g h h u m i d i t y was
main ta ined after i nocu la t ion by c o v e r i n g the plants w i t h po ly thene bags fo r 48 h in the
glasshouse. A t the t ime o f i nocu la t ion i t was ra in ing a t K i b o k o and Kabete , and cond i t ions
were favourab le fo r i n fec t i on . There was also a lo t o f natura l i n f ec t i on in the f ie lds .
N j o y a (1991) f ound no cor re la t ion in leafspot sever i ty be tween ge rmp lasm inocu la ted
w h e n 2 weeks o l d , and those in fec ted in the f ie ld at Kabete and K i b o k o . Howeve r , Gatheca
(2000) inoculated ge rmp lasm in the glasshouse at the f l o w e r i n g stage. She evaluated 50
pigeonpea l ines at Kabete, K a t u m a n i , and in the glasshouse, and f o u n d a pos i t i ve cor re la t ion
between f ie ld and glasshouse rat ings fo r react ion of p igeonpea ge rmp lasm to M. cajani. 
Control of Mycovellosiella Leafspot
There is l i t t le i n fo rma t ion avai lab le on con t ro l o f this disease. Th i s is poss ib ly due to the fact
that un t i l recent ly i t was not cons idered serious and re la t i ve ly l i t t l e w o r k was done on many
aspects. Exper iments conducted in Eastern A f r i c a ind icate that i t can be con t ro l l ed ei ther by
use o f chemicals or by g r o w i n g resistant cu l t i va rs .
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Chemical control
O n i m (1980) evaluated f i ve f o l i a r f ung ic ides f o r con t ro l o f M y c o v e l l o s i e l l a leafspot i n
U g a n d a - Karathane ( i .e. 2 5 % karathane) , D i thane M - 4 5 ( 8 0 % mancozeb) , B a v i s t i n ( 5 0 %
carbendaz im) , Benlate ( 5 0 % b e n o m y l ) and Captan ( 5 0 % captan) . Ben la te and B a v i s t i n
caused s l igh t s tunt ing o f p lants and depressed gra in y i e l d poss ib ly due to the i r p h y t o t o x i c
ef fects . Karathane also was ine f fec t i ve in c o n t r o l l i n g leafspot. D i t hane M - 4 5 was the mos t
e f fec t i ve . I t s ign i f i can t ly reduced lea f f a l l and increased gra in y i e l d . H o w e v e r , there were no
s ign i f i can t d i f ferences in gra in y i e l d a t sp ray ing in terva ls o f 7 , 1 4 , and 21 days d u r i n g the 5 -
m o n t h study. Plant g r o w t h was mos t l uxu r i ous on p lo ts sprayed w i t h D i t hane M - 4 5 . W i t h
Ben la te , a l l sp ray ing intervals s i gn i f i can t l y reduced l ea f - f a l l , bu t lea f f a l l was h ighest w h e n
spray ing was done at 7-day in terva ls , perhaps due to phy to tox i c ef fects. I t was conc luded
that sp ray ing in tervals in the range o f 7 -21 days fo r D i thane and 14-21 days f o r Ben la te
w o u l d be bene f i c ia l . I t was also s h o w n that spray ing w i t h D i thane gave 8 5 % m o r e gra in
y i e l d than the unsprayed con t ro l . O n i m (1980) conc luded that a l though Benla te and D i thane
are e f fec t i ve , thei r app l ica t ion fo r the management o f leafspot m a y not be econom ica l .
Use of resistant cultivars
Use o f resistant p igeonpea cu l t i va rs shou ld p rov i de the mos t p rac t i ca l , e c o n o m i c a l , and
long - las t i ng management strategy. Se lec t ion f o r resistance to Mycovellosiella cajani in the
f i e l d and in the glasshouse has been repor ted by several wo rke rs ( O n i m and Ruba ihayo
1976, Rodr iguez and Me lendez 1984, Songa 1 9 9 1 , K i m a n i e t a l . 1994, Gatheca 2000) .
K h a n and Rach ie (1972) and also O n i m and Ruba ihayo (1976) have repor ted w i d e var ia t ion
in resistance a m o n g p igeonpea l ines , suggest ing that resistance to M. cajani m a y be
po l ygen i c . T h e number o f genes c o n f e r r i n g resistance m a y vary a m o n g cu l t i va rs , be ing
h ighe r in resistant cu l t i va rs . A f e w sources o f resistance have been i den t i f i ed , i n c l u d i n g UC
2 5 1 5 / 2 , 7 6 9 / 1 , and 2113/1 f r o m U g a n d a ( O n i m and Ruba ihayo 1976) and I C P 8 8 6 9 , 1 2 7 9 2 ,
and 12165 f r o m Z a m b i a (Kanna i yan and H a c i w a 1990) . Several resistant l ines have been
iden t i f i ed i n K e n y a (Songa 1991 , N j o y a e t a l . 1 9 9 1 , Gatheca 2000) . Songa (1991 ) i den t i f i ed
resistant genotypes be long ing to d i f fe ren t ma tu r i t y g roups: K C C 50 /3 , 6 0 / 8 , 119/6, and
1423/13 (shor t du ra t ion ) ; K C C 8 1 / 3 / 1 , 576 /3 , 657 /1 ,777 and I C P 13081 ( m e d i u m
du ra t i on ) ; and K C C 66 , 605 , 666 , and A L P L 6-2 ( l ong dura t ion ) . L i n e s K O 174/7 and K B
43 were f o u n d to be resistant to M. cajani at M a c h a k o s ( N j o y a 1991). Gatheca f o u n d a h igh
pos i t i ve cor re la t ion fo r resistance to M. cajani in greenhouse and f ie ld i nocu la ted p lants .
She f o u n d l ines K Z 56 , K O 3 1 , I C P L 93015 , and I C P L 87091 t o b e resistant i n the
greenhouse and in the f i e l d bo th a t Kabete and K a t u m a n i .
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Discussions - Crop Protection
Fusarium wilt resistance
T h e study on the genetics o f w i l t resistance has a number o f imp l i ca t i ons f o r fu ture research.
There are t w o scenarios to cons ider :
• D igen i c inher i tance in t w o cases (9 :7 and 13:3) - i t is poss ib le to f ix th is t ype of
inher i tance and t ransfer i t to suscept ib le genotypes us ing m o d i f i e d backcross ing
procedures.
• T h e th i rd set o f crosses suggests some f o r m of quant i ta t ive inher i tance (a l though w i t h
d i - h y b r i d segregat ion) . I t appears that i t i s add i t i ve . T h i s imp l i es the poss ib i l i t y o f
select ing fo r increas ing the number of desirable al leles or comb ina t i ons in a popu la t i on .
Marker-ass is ted studies can he lp accelerate progress in b reed ing f o r resistance.
Howeve r , use of markers w i l l be poss ib le on ly after we have at least a r ough unders tand ing
o f the p igeonpea gene m a p , and the locat ion o f Quant i ta t i ve T ra i t L o c i ( Q T L s ) . T h i s
k n o w l e d g e is not cur ren t l y ava i lab le . There is an urgent need fo r gene m a p p i n g studies,
par t i cu la r ly because w i l t resistance is con t ro l led by m u l t i p l e genes, the Q T L s fo r w h i c h m a y
be scattered in d i f fe rent parts o f the map .
Insect pests
Several pests are impor tan t , but the c r i t i ca l issue, par t i cu la r ly f o r shor t -dura t ion p igeonpea,
is insect pests. Some pests l i ke f l o w e r beetles or thr ips are sporadic, but can cause 1 0 0 %
loss in some years. Others l i ke the pod borer Maruca cause smal ler losses but occur a lmost
every year. The re la t ive impor tance of d i f fe rent pest species var ies cons iderab ly be tween
areas, even w i t h i n the same count ry . I n f o rma t i on on threshold levels and op t ima l spray
reg imes is lack ing some count r ies .
Effect of intercropping
Some presentations noted that p o d borer popu la t ions were h i g h in a maize /p igeonpea
in te rc rop . One factor c o u l d be the shade and m ic ro -env i ronmen t p r o v i d e d by the ta l l ma ize
plants. Th i s encourages p o d borers to stay w i t h i n the in tercrop, caus ing them to feed on
p igeonpea fo r longer per iods.
Botanical control methods
Tephros ia has g i ven good results in several studies, and cou ld be p romo ted more w ide l y .
T h e act ive ingredient is ro tenone, w h i c h can act as a contact po ison (when i t touches the sk in
of the target pest) or t h rough inges t ion . N e e m is another poss ib i l i t y . Cons iderab le
i n f o r m a t i o n is avai lab le on neem f r o m studies in Ind ia . I t has not p roved cost -ef fect ive in
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I n d i a , bu t c o u l d be t r ied under A f r i c a n cond i t i ons . Howeve r , presentat ions a t the mee t i ng
no ted that expens ive , fac to ry -p repared n e e m ext rac t was no t m u c h m o r e e f fec t i ve than a 
c rude f o r m u l a t i o n o f Tephros ia , w h i c h p resumab ly conta ined l i m i t e d quant i t ies o f ac t i ve
ingred ien t . N e e m is l i k e l y to be use fu l o n l y in h igh -va lue crops. Tephros ia m a y be cheaper
even t h o u g h large quant i t ies mus t be p repared - however , labor const ra in ts c o u l d be a 
p r o b l e m in co l l ec t i ng and c rush ing the leaves.
Fa rmer interest in Tephros ia has been encourag ing . The shrub can p r o v i d e m u l t i p l e
benef i ts - green manure and large i m p r o v e m e n t s in so i l fe r t i l i t y , ac t ing as a w i n d - b r e a k , etc.
In parts o f Eastern A f r i c a i t i s t r ad i t i ona l l y p lan ted on f i e l d borders to con t ro l mo les , w h i c h
eat the roots and are po isoned. H o w e v e r , m o r e i n f o r m a t i o n is needed on res idua l ef fects and
cost-ef fect iveness.
Strategic versus applied research
There are s t i l l gaps in our k n o w l e d g e o f pest c o n t r o l . Fo r example , does damage increase
the suscept ib i l i t y o f a pod to at tack by other pests? W h a t pests occupy w h a t n iches in the
c r o p p i n g system? W i l l d i f fe ren t pests at tack the same pod? These quest ions can on l y be
answered by deta i led studies. M o s t i m p o r t a n t i s the need fo r m o r e research on natura l
enemies.
Compara t i ve advantages mus t be i d e n t i f i e d and exp lo i ted . For examp le , academic
inst i tu tes (e.g. un ivers i t ies) have the advantage in strategic research and deta i led studies;
I C R I S A T c o u l d focus on broad con t ro l measures and on the economics o f i m p l e m e n t a t i o n ;
N G O s c o u l d he lp s t imula te adop t ion . W i t h m u l t i p l e partners i n v o l v e d , we shou ld a i m t o
m a x i m i z e synergy in order to deve lop cos t -e f fec t ive con t ro l methods and s t imu la te
adop t i on .
Chemical control
Endosu lphan and d imethoate are w i d e l y ava i lab le and genera l ly e f fec t ive . In contrast ,
synthet ic pyre thro ids are b road-spec t rum contac t poisons that k i l l non- target organ isms,
even spiders and smal l l izards. T h e y shou ld be used on l y w h e n pest popu la t ions increase to
unmanageable levels and cannot be c o n t r o l l e d w i t h less p o w e r f u l insect ic ides. There m a y
be need to iden t i f y ( i ) speci f ic ac t ive ingred ien ts that w o r k against h i g h popu la t i on levels o f
a s ing le pest, w i t h m i n i m a l non- target damage , ( i i ) cheap chemica ls that w i l l con t ro l a w i d e
range o f pests a t l o w or moderate popu la t i ons .
General approach
In general , farmers lack suf f ic ient understanding o f pest cont ro l methods and especial ly o f
threshold levels. We must focus on educat ing farmers about pest cont ro l . For such a campa ign
to be ef fect ive, farmers must be g i ven s imp le instruct ions, e.g. " W h e n y o u see Lamp ides eggs
in large numbers, a severe pest attack is imminen t . ' ' We must focus on 2-3 insect icides that are
easi ly avai lable, cheap, and easy to use. I n f o r m a t i o n can also be disseminated th rough Farmer
F ie ld Schools. In para l le l , detai led research can cont inue; but we must a i m to disseminate
avai lable technology. Studies have s h o w n that avai lable technology packages fo r pest con t ro l
o f fe r benef i t :cost rat ios of above 1.5, and are thus suitable fo r p romot ion .
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Introduction
A m o n g the t rad i t iona l c ropp ing systems i n v o l v i n g p igeonpea in Eastern and Southern
A f r i c a , the p igeonpea/cereal in tercrop i s the mos t c o m m o n . T h e cereal (ma ize , so rghum,
f inger m i l l e t in d i f fe ren t reg ions) is genera l ly the m a i n c rop . P igeonpea is regarded as a 
" b o n u s " c rop and an insurance against to ta l c rop loss due to poo r r a i n f a l l . M a n a g e m e n t
pract ices are or ienta ted to m a x i m i z e the cereal y i e l d . In mos t reg ions , p lan t i ng is genera l ly
done in r o w s a t f a i r l y l o w densi ty (30 0 0 0 to 60 0 0 0 p lants ha - 1 f o r ma ize o r so rghum and
about 10 0 0 0 p lants ha - 1 f o r p igeonpea), one r o w o f p igeonpea a l ternat ing w i t h several ( f r o m
2 to 10) r o w s o f cereal (Le R o i 1997). In Uganda , l o n g - and m e d i u m - d u r a t i o n p igeonpea
landraces are genera l ly broadcast w i t h f i nger m i l l e t ( S i l i m e t a l . 1995). T rad i t i ona l
p igeonpea cu l t i va rs take f r o m 6 to 10 months to mature and are w e l l su i ted to th is c r o p p i n g
system because they g r o w very s l ow l y a t the beg inn ing o f the i r cyc le , f l o w e r i n g on l y af ter
the m a i n c rop is harvested, and p r o v i d i n g very l i t t l e compe t i t i on fo r l i gh t , water, o r nutr ients
(S i vakumar and V i r m a n i 1980).
I m p r o v e d l o n g - , m e d i u m - , and shor t -dura t ion p igeonpea cu l t i va rs deve loped d u r i n g the
last 15 years by the Un i ve rs i t y o f N a i r o b i , K e n y a A g r i c u l t u r a l Research Inst i tu te ( K A R I ) ,
and I C R I S A T are b e c o m i n g increas ing ly popu la r w i t h fa rmers ( L e R o i 1997). D u e to the i r
m u c h shorter vegetat ive cyc le (4-5 months ) and the i r smal ler g r o w t h habi t , short- and
m e d i u m - d u r a t i o n var iet ies are m u c h more sensi t ive to compe t i t i on f r o m the compan ion
crop than l ong -du ra t i on var iet ies and, therefore, are not n o r m a l l y sui table fo r i n te rc ropp ing
w i t h ta l l cereals. Moreove r , they are very sensi t ive to insect pests because thei r reproduc t i ve
stage co inc ides w i t h the seasonal peaks in insect popu la t ions . T h e c rop can be comp le te l y
dest royed i f no pest con t ro l is done. In spite of these const ra in ts , a large p ropo r t i on of East
A f r i c a n farmers w h o receive seed o f shor t -dura t ion p igeonpea var iet ies, i n te rc rop w i t h
maize or so rghum as they do w i t h their l ong -du ra t i on landraces. A series of exper iments
have been conduc ted in the reg ion in recent years to i m p r o v e the p roduc t i v i t y o f cereal /
p igeonpea in te rc ropp ing systems by m o d i f y i n g the spat ia l ar rangement and p lant popu la t ion
of the components crops. In this paper, we r e v i e w the results obta ined f r o m these
exper iments , i den t i f y areas where comp lemen ta ry invest iga t ions are needed, and discuss
constra ints to the adopt ion o f i m p r o v e d c r o p p i n g systems.
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Improved Management Practices for Traditional
Intercropping Systems
B e f o r e m a k i n g a r ecommenda t i on on i m p r o v e d management pract ices, numerous factors
mus t be taken i n to cons idera t ion - the in te rc rop components and the i r c o m p a t i b i l i t y ,
env i r onmen ta l cond i t i ons , poss ib le spat ia l arrangements, p l an t i ng sequences, p lan t
popu la t ions , p roduc t i v i t y , and f a rmers ' preferences. T h e large number o f these fac tors , and
poss ib le in teract ions amongs t t h e m , m a k e i t d i f f i c u l t to fo rmu la te precise recommenda t ions
( W i l l e y 1979). A f t e r ga in ing an unders tand ing o f these factors in a g i ven f a r m i n g sys tem,
the next stage is to de f ine the best spat ia l ar rangement , p l an t i ng sequence, and p lant
popu la t ions o f the d i f ferent componen ts so as to m i n i m i z e compe t i t i on ( A l i 1990). T h e less
comp l i ca ted and less r i sky a new management pract ice, the h igher the p robab i l i t y that i t w i l l
be adopted by sma l lho lder fa rmers .
In mos t t rad i t iona l cerea l /p igeonpea in te rc ropp ing systems, p igeonpea s ing le r o w s
al ternate w i t h several r ows o f ta l l cereal (ma ize o r sorghum) . B o t h components are p lanted
s imul taneous ly a t the beg inn ing of the mos t re l iab le ra iny season. A f t e r harvest o f the cereal ,
p igeonpea plants are le f t in the f i e l d to f i n i s h the i r g r o w t h cyc le d u r i n g the second and less
re l iab le annual ra iny season. D u e to the i r l o w p lant popu la t ion (about 10 0 0 0 plants ha - 1 on
average) they usual ly produce l o w y ie lds , v a r y i n g between 300 and 700 kg ha - 1 ( Le R o i
1997) .
In order to i den t i f y a spat ia l a r rangement that w o u l d s ign i f i can t l y i m p r o v e p igeonpea
y i e l d w i t h o u t great ly a f fec t ing p roduc t i v i t y o f the cereal componen t , s ix arrangements were
compared on-s ta t ion by I C R I S A T a t t w o sites in 1993/94. T rad i t i ona l and i m p r o v e d l o n g -
du ra t i on p igeonpea var iet ies were in te rc ropped w i t h maize (data not shown) . The best
results were ob ta ined w i t h a pai red r o w o f p igeonpea a l ternat ing w i t h three rows o f ma ize .
In pa i red r ows , t w o p igeonpea r o w s are sown w i t h o u t an in te rven ing cereal row, and spaced
4 0 - 5 0 cm apart. By contrast , i n the t rad i t iona l i n te rc ropp ing system a l l r o w s , whether ma ize
or p igeonpea, are equa l ly spaced 80 -100 cm apart.
T h e most c o m m o n t rad i t iona l i n te rc ropp ing system is 3 cereal r o w s + 1 p igeonpea row .
In the pa i red r o w arrangement , p igeonpea occupies an area a lmost s im i la r to that in the
t rad i t iona l ar rangement , but p igeonpea p lant popu la t i on is doub led . Thus , this ar rangement
can better exp lo i t the space le f t af ter the cereal harvest.
T h e pa i red - row system was tested o n - f a r m fo r 2 years, 1994/95 and 1995/96, at six sites
in eastern K e n y a w i t h a total o f 25 fa rmers . The farmers compared t rad i t iona l versus
i m p r o v e d management practices on their landraces and on an improved long-durat ion variety
Ka t 81/3/3 .
Improved management: one pa i red r o w of p igeonpea in tercropped w i t h three rows of
ma ize . D is tance between p igeonpea r o w s 50 -60 cm depend ing on so i l mo is tu re ava i lab i l i t y .
D is tance between ma ize rows 80 c m . Traditional management: one s ingle r o w of p igeonpea
in te rc ropped w i t h 3 to 5 r ows of ma ize w i t h a constant distance of 80 -100 cm between rows .
B o t h components of the in te rc ropp ing system were p lanted at the same t ime us ing an ox -
d r a w n m o l d b o a r d p l ow . U s i n g the i m p r o v e d pract ice , farmers ach ieved on average over
5 0 % increase in p igeonpea y i e l d - w i t h no dec l ine in maize p roduc t i on and no ex t ra labor
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Table 1 . C o m p a r i s o n o f t rad i t iona l versus i m p r o v e d in te rc ropp ing systems, involv ing



















Average gains from improved practice (%)
Traditional pigeonpea varieties





Improved system = paired pigeonpea rows alternating with maize
Data pooled from 25 farmers across 5 sites in eastern Kenya
cost (Table 1). In te res t ing ly , the p igeonpea landrace gave h igher y ie lds than the i m p r o v e d
long -du ra t i on var ie ty , w h i c h was bred fo r sole c ropp ing a t h igher a l t i tudes. W i t h i ts bushy
habi t , the i m p r o v e d long -du ra t i on var iety competed too s t rong ly w i t h ma ize . W h e n
breeding l ong -du ra t i on p igeonpea fo r in te rc ropp ing systems, i t i s thus advisable to l o o k fo r
compac t genotypes w i t h a rather l o w compet i t i ve ab i l i t y .
Improved Management Practices for New Intercropping
Systems
M o s t farmers w h o rece ive seed o f i m p r o v e d short- and m e d i u m - d u r a t i o n p igeonpea tend to
g r o w them in in te rc rop systems, the same w a y they do w i t h the i r t rad i t iona l var iet ies.
There fore , i t was impo r t an t to i den t i f y sui table systems where the new var iet ies c o u l d be
in tercropped w i t h ma ize , so rghum, or f i nger m i l l e t . D i f f e ren t spat ia l arrangements and plant
popula t ions were tested fo r these in te rc ropp ing systems in several exper iments in K e n y a
and Uganda. A summary of the m a i n results is presented be low.
Maize/short-duration pigeonpea intercropping systems
In K e n y a , I C R I S A T car r ied out a p re l im ina ry t r ia l in 1995 a t K i b o k o research stat ion
(a l t i tude 9 0 0 m) in order to de termine op t ima l p lant dens i ty and spat ia l ar rangement . Shor t -
dura t ion p igeonpea I C P L 87091 was in tercropped w i t h ma ize ( K a t u m a n i h y b r i d ) us ing
var ious arrangements. These inc luded sole crops, in tercrops cons is t ing of nonpa i red rows at
d i f fe rent r o w rat ios ( 1 : 1 , 1 : 2 , 2 : 4 , 2 : 2 and 2 :1) , and in tercrops w i t h pa i red r o w s . In the latter,
ma ize r o w s were pa i red , and in terc ropped w i t h 1 , 2 , o r 3 r o w s o f p igeonpea; and a l l r ows
were spaced a t 40 c m .
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In the sole c rops, spac ing was 80 x 30 cm f o r ma i ze and 40 x 10 cm fo r p igeonpea. In a l l
systems, the distance be tween ma ize and p igeonpea r o w s was kept constant a t 40 c m . Table
2 shows the resul ts o f th is exper imen t . A l l in te rc rops gave L E R s above 1 , bu t in general
better results were ob ta ined f r o m t reatments i n v o l v i n g pa i red ma ize r ows . T h e best system
appeared to be pa i red r o w s o f ma ize a l te rnat ing w i t h 2 r o w s o f p igeonpea. Th i s ar rangement
gave the second h ighest L E R o f 1.30, and a lso gave h i g h ma ize y ie lds .
A n o t h e r t r ia l was conduc ted a t T h i k a research s tat ion (a l t i tude 1580 m ) , K e n y a , by
G e m b l o u x A g r i c u l t u r a l Un i ve rs i t y , d u r i n g the l o n g ra i ny season (Mar -June) o f 1999. I n th is
exper iment , 2:2 r o w s were p lanted a t d i f f e ren t i n t r a - r o w spacings, w i t h i n te r - row spac ing
kept constant a t 60 c m . No pa i red r o w s were used. T w o p igeonpea var ie t ies, K a t 60 /8 and
I C P L 8 7 0 9 1 , were tested. T h e resul ts were d i sappo in t i ng . P igeonpea plants were stunted
due to the l o w temperature and h i g h ma ize p lan t p o p u l a t i o n , and p igeonpea y ie lds were l ow .
Consequent ly , a l t hough ma ize y ie lds were h i g h ( 5 . 9 1 ha - 1 in sole c rop , and > 4 1 ha - 1 in m a n y
in terc rop t reatments) , the to ta l L E R o f the i n te rc rop t reatments was l ow , e i ther b e l o w o r
marg ina l l y above 1 .
Sorghum/short-duration pigeonpea intercropping
Several exper iments were car r ied out i n U g a n d a by M a k e r e r e U n i v e r s i t y and G e m b l o u x
A g r i c u l t u r a l U n i v e r s i t y i n order t o deve lop i m p r o v e d sorghum/shor t -dura t ion p igeonpea
in te rc ropp ing systems. We used the same approach as descr ibed above fo r ma ize /
p igeonpea. F i rs t , t r ia ls were conduc ted a t K a b a n y o l o to compare var ious r o w arrangements.
T h e n a second t r ia l was conduc ted at Serere, us ing o n l y the best r o w arrangement , to study
the effects o f i n t e r - row spac ing and p lan t popu l a t i on .
T w o in te rc ropp ing t r ia ls were car r ied ou t a t K a b a n y o l o (a l t i tude 1200 m) d u r i n g t w o
consecut ive ra iny seasons - p lan ted in A u g 1997 and Feb 1998. T h e treatments i nc luded
sole crops, and in tercrops cons is t ing o f nonpa i red r o w s a t d i f fe ren t r o w rat ios ( 1 : 1 , 2 : 1 , 2 : 2 ) .
In te r - row spac ing was kept constant a t 60 c m . I n t r a - r o w spac ing was also kept constant in a l l
t reatments, except that f o r so rghum, i t was reduced f r o m 20 cm to 15 cm between sole and
in te rc rop s i tuat ions. T h e var iet ies used were so rghum Seredo, and p igeonpea K a t 60/8 and
I C P L 8 7 0 9 1 . Resul ts are s h o w n in Table 3 . T h e best resul ts , w i t h a remarkab ly h i g h L E R o f
1.47, came f r o m a 2 :2 : r o w ar rangement o f Seredo and K a t 60 /8 .
A n o t h e r t r ia l was conduc ted a t the Serere A g r i c u l t u r a l and A n i m a l Research Ins t i tu te
(a l t i tude 1100 m) by G e m b l o u x A g r i c u l t u r a l Un i ve rs i t y , i n the l ong ra iny season o f 1999,
i.e. p lan ted in M a r c h 1999. In th is exper imen t , 2 :2 r o w s were p lan ted a t d i f fe ren t i n t r a - row
spacings, w i t h i n te r - row spac ing kept constant a t 60 c m . No pa i red r o w s were used. T h e
same three var iet ies were tested - so rghum Seredo, p igeonpea var iet ies K a t 60 /8 and I C P L
8 7 0 9 1 . T h e resul ts were no t c o n v i n c i n g . D u e to l ush g r o w t h i n so rghum, p igeonpea was
suppressed: p igeonpea y ie lds ranged f r o m 331 to 536 kg ha - 1 , and p igeonpea L E R s f r o m
0.26 to 0 .58. To ta l L E R s in a l l in terc rops we re b e l o w 1 , w i t h the excep t ion o f one t reatment
w i t h Seredo-Kat 60 /8 , w h i c h gave a n L E R o f 1.08.
Finger millet/short-duration pigeonpea intercropping
I n te rc ropp ing t r ia ls i n v o l v i n g f i nger m i l l e t and shor t -dura t ion p igeonpea were car r ied ou t i n
Uganda by Make re re and G e m b l o u x Un ive rs i t i es f r o m ear ly 1999 to ear ly 2000 . As i n the
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other exper iments , the f i rs t step a imed at i d e n t i f y i n g the o p t i m a l spat ia l ar rangement under
d i f fe ren t p lan t popu la t ions o f b o t h componen ts .
A t r i a l was p lanted a t t w o sites ( K a b a n y o l o and Nge t ta , a l t i tude 1100 m) in t w o
consecut ive seasons, i.e. p lan ted i n M a r and A u g 99 . T h e ear ly t o m e d i u m - d u r a t i o n
p igeonpea cu l t i va r K a t 60 /8 was in te rc ropped w i t h f i nge r m i l l e t va r ie ty Pese 1 , a t var ious
r o w rat ios and p lant popu la t ions . Pa i red r o w s were not used. T h e t reatments i nc luded t w o
r o w rat ios (m i l l e t :p igeonpea 2 :2 : and 4 :1 ) and f o u r leve ls o f p lan t popu la t i on . Sole crops
were also tested. I n te r - row spac ing was 30 cm between f i nge r m i l l e t r o w s , 60 cm between
p igeonpea rows , and 45 cm be tween m i l l e t and p igeonpea r o w s .
Resul ts are shown in Table 4 , averaged across the f ou r t r ia ls . A g a i n , the 2 :2 r o w ra t io
gave the best results.
T h e super ior i ty o f 2:2 fo r shor t -dura t ion p igeonpea was c o n f i r m e d in another t r ia l where
i m p r o v e d shor t -durat ion I C P L 8 7 0 9 1 and ear ly t o m e d i u m - d u r a t i o n K a t 60/8 were
in terc ropped w i t h f i nger m i l l e t Pese 1 . M i l l e t : p i g e o n p e a r o w rat ios o f 2 : 2 , 2 : 1 , and 4:1 were
tested, a long w i t h broadcast ing, w h i c h is a c o m m o n fa rmer pract ise. T h i s t r ia l was
conduc ted t h r i c e - t w i c e a t K a b a n y o l o , p lan ted in Feb and A u g 1999; and once a t Nge t ta ,
p lan ted in M a r 1999. Table 5 shows the resul ts averaged across the three t r ia ls . As in the
prev ious exper iment , the i n te r - row spac ing was 30 cm between f i nge r m i l l e t r o w s , 60 cm
between pigeonpea rows , and 45 cm between m i l l e t and p igeonpea rows . T h e results
c o n f i r m e d that fo r bo th p igeonpea var ie t ies, the 2:2 r o w ra t io gave the best y ie lds .
Discussion and Conclusions
T h e exper iments tested three types of i n te rc ropp ing - ta l l cereal (ma ize or so rghum) w i t h
long-dura t ion p igeonpea, ta l l cereal w i t h shor t -dura t ion p igeonpea, and short cereal ( f i nger
m i l l e t ) w i t h shor t -durat ion p igeonpea. T h e results c lear ly showed that ma ize / long-dura t ion
pigeonpea and f i nger m i l l e t / sho r t -du ra t i on p igeonpea systems are benef ic ia l . W i t h ta l l
cereals/short -durat ion p igeonpea, the benef i t is m u c h less ev ident .
The arrangement w i t h pa i red r o w s o f m e d i u m - o r l ong -du ra t i on p igeonpea a l ternat ing
w i t h three unpai red rows o f ma ize d ras t i ca l l y increased p roduc t i v i t y . T h i s i s on l y a m i n o r
m o d i f i c a t i o n o f t rad i t iona l fa rmer prac t ice , does not present m a j o r r i sks , and is w e l l sui ted
to the current s i tuat ion, where mos t fa rmers regard p igeonpea as a food-secur i ty c rop .
Cons ider ing the s imp l i c i t y o f th is new p lan t i ng techn ique, w h i c h i s w i t h i n the capabi l i t ies o f
every smal l farmer, one can assume that d isseminat ion shou ld no t be too d i f f i cu l t . Idea l ly , an
eva lua t ion o f adopt ion near the s ix sites where pa i red r o w s were in t roduced in 1995 shou ld
be conducted before star t ing d issemina t ion on a large scale.
In te rc ropp ing short- and e a r l y - m e d i u m dura t ion p igeonpea w i t h f i nger m i l l e t us ing a 2:2
r o w ra t io can increase p roduc t i v i t y by near ly 3 0 % w h e n the r i gh t p lan t popu la t ions o f bo th
components are used. H o w e v e r , e f fec t i ve pest con t ro l is an essential prerequis i te . In
add i t i on , adopt ion o f th is system w o u l d be comp l i ca ted in the t rad i t iona l f i nger m i l l e t /
p igeonpea areas, m a i n l y located in nor thern Uganda , because i t i s to ta l l y d i f fe ren t f rom
current smal lho lder pract ice, w h i c h is to broadcast bo th c rops. Mo reove r , cons ide r ing the






adv isab le to use indeterminate shor t -dura t ion p igeonpea in th is type o f i n te rc ropp ing
sys tem. T h e 2:2 arrangement needs to be tested fu r ther under o n - f a r m cond i t i ons before
d isseminat ion .
Con t rad i c to ry results were ob ta ined regard ing the i n te rc ropp ing o f short- and ear ly to
m e d i u m - d u r a t i o n p igeonpea w i t h ta l l cereals (ma ize o r so rghum) . Some t r ia ls showed
in teres t ing p r o d u c t i v i t y gains in in tercrops compa red to sole c rops, w h i l e others showed no
L E R advantage under i n te rc ropp ing . A m o n g the var ious spat ia l arrangements tested, t w o
arrangements o f ten gave good resul ts - pa i red r o w s o f ma ize a l ternat ing w i t h 2 r o w s o f
p igeonpea, and 2:2 r o w ra t io o f (unpa i red) ma ize and p igeonpea.
In th is study, pa i red - row s o w i n g was used as a w a y to i m p r o v e the t rad i t i ona l
i n te r c ropp ing system w h i c h i nvo l ves l ong -du ra t i on p igeonpea. Howeve r , pa i red - row
s o w i n g is usua l l y used to reduce c o m p e t i t i o n f rom d o m i n a n t ta l l crops against the d w a r f
c o m p o n e n t c rop in an in te rc rop ( A l i 1990) . M o r e o v e r , i t i s though t that increased in t ra -
spec i f ic roo t compe t i t i on i nduced by pa i red r o w s leads to reduced root g r o w t h and s lower
dep le t ion o f so i l mo is tu re in the ear ly stages o f the c rop vegetat ive cyc le , w h i c h in t u rn leads
to m o r e water ava i lab i l i t y d u r i n g the g r a i n - f i l l i n g stage ( R o w l a n d and W h i t e m a n 1993) . I n
semi -a r id cond i t i ons , B l u m and N a v e h (1976 ) observed that al ternate pa i red- rows o f sole
so rghum (p lan ted 40 cm apart w i t h 160 cm be tween r o w pairs) p roduced s ign i f i can t l y
greater y ie lds than s ing le r ows (p lan ted 100 cm apart) i n 5 0 % o f years, and s im i l a r y ie lds i n
the o ther 5 0 % . As y i e l d was increased in the d r y years w i t h the same evapot ransp i ra t ion ,
they conc luded that compe t i t i on in the pa i r ed - row sys tem i m p r o v e d water-use e f f i c iency .
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Introduction
Pigeonpea is an impor tan t g ra in l egume in U g a n d a . I t i s consumed m o s t l y as d r y g ra i n , bu t
f resh green peas are also eaten as vegetables. T h e g ra in and fodder are exce l len t l i ves tock
feed , espec ia l ly d u r i n g the d r y season. Stems are used f o r f enc i ng , baskets, and cons t ruc t ion
mater ia l s f o r huts , and in the m o r e a r i d reg ions , as f u e l w o o d . P igeonpea usua l l y imp roves
so i l f e r t i l i t y t h rough n i t rogen f i x a t i o n and i ts ab i l i t y to recyc le nut r ien ts t h r o u g h i ts deep
r o o t i n g sys tem.
T h e to ta l area under p igeonpea c u l t i v a t i o n in Uganda is es t imated a t 72 ,000 ha (Saxena
1999) . P roduc t ion is concentrated m o s t l y in the d r ie r northeastern and nor thern areas (Apac ,
L i r a , G u l u , K i t g u m , So ro t i , K u m i , A r u a , M o r o t o ) . P roduc t ion i n the wet te r parts o f the
coun t r y i s p robab ly l i m i t e d by the preva lence o f cercospora leafspot disease and
c o m p e t i t i o n f rom other g ra in legumes.
P igeonpea i s largely g r o w n in associat ion w i t h other crops, usua l ly cereals. In no r th and
nor theastern Uganda i t i s in te rc ropped w i t h f i nger m i l l e t , w h i c h is cons idered as the m a i n
c r o p - the p igeonpea y i e l d is regarded as a bonus ( S i l i m et a l . 1991) . M e d i u m - and l o n g -
du ra t i on landraces o r cu l t i va rs , espec ia l ly A p i o E lena and A d o n g , are the mos t favo red
because they mature m u c h after the other componen t crops, ensur ing that the peak g r o w t h
demands o f the componen t c rops occur a t d i f fe ren t t imes , g i v i n g the in te rc rop a y i e l d
advantage. Howeve r , y ie lds o f these landraces are l o w , on average 3 0 0 - 6 0 0 kg ha -1
(Musaana and S i l i m 1998, S i l i m e t a l . 1991) , and , therefore, there is need to p romo te
adop t i on o f new h i g h - y i e l d i n g cu l t i va rs . One p r o b l e m is that shor t -dura t ion cu l t i va rs , e.g.
K a t 60 /8 and I C P L 87091 w h i c h were recent ly i n t roduced , mature i n 9 0 - 1 3 0 days, w h i c h
m o r e o r less co inc ides w i t h the ma tu r i t y p e r i o d o f f i nger m i l l e t . S im i l a r l y , the in t roduced
m e d i u m - d u r a t i o n var iet ies such as I C P 6 9 2 7 tend to mature ear ly in U g a n d a and c o u l d
po ten t ia l l y compete w i t h the m a i n c rop . T h e potent ia l reduc t ion in m i l l e t y i e l d due to
c o m p e t i t i o n between the t w o crops h igh l i gh t s the impor tance o f test ing these mater ia ls in
in te rc rop s i tuat ions before m a k i n g recommenda t ions to farmers .
T h e m a i n a i m o f the w o r k repor ted in th is paper, therefore, was to deve lop new
p r o d u c t i o n technolog ies i n v o l v i n g the new cu l t i va rs and determine the mos t appropr ia te
s o w i n g patterns and p lant popu la t ions o f the componen t crops in order to m i n i m i z e
c o m p e t i t i o n effects and ensure h i g h y ie lds o f bo th crops.
Cereal-Pigeonpea Intercropping Systems:
the Ugandan Experience
L Owere, P R Rubaihayo, and D S O Osiru
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Experimental Work in Uganda
Research i n v o l v i n g cereal /p igeonpea in te rc ropp ing in Uganda has been conduc ted
in te rmi t ten t l y . Some w o r k was car r ied ou t d u r i n g the mid-sevent ies (1975-77 ) w i t h f u n d i n g
f r o m the In te rna t iona l D e v e l o p m e n t Research Cent re ( I D R C ) ; bu t was d iscon t inued
because o f l ack o f f u n d i n g . M o r e recent ly ( 1998 /99 ) , research on cereal /p igeonpea
in te rc ropp ing was in i t i a ted w i t h f u n d i n g f r o m the European U n i o n . T h i s w o r k focused
large ly on i d e n t i f y i n g o p t i m a l p lant popu la t ion and r o w arrangements f o r shor t -dura t ion
p igeonpea cu l t i va rs , thus m i n i m i z i n g compe t i t i on a t c r i t i ca l g r o w t h per iods and m a x i m i z i n g
comp lemen ta ry ef fects in the in tercrop.
T h e ear l ier exper iments (1975-77) exam ined comb ina t i ons o f f i nger m i l l e t /p igeonpea
and sorghum/p igeonpea. T h e f inger m i l l e t var ie ty was Serere 1 , w h i c h usua l ly g r o w s to a 
he ight o f 70 -80 cm and matures in about 110 days. T h e so rghum var ie ty used was D o b b s , an
i m p r o v e d loca l var ie ty that was w i d e l y g r o w n around the L a k e V i c t o r i a crescent a t that t i m e .
I t matures in about 120 days. T w o p igeonpea var iet ies were used - UC 11 fo r the m i l l e t /
p igeonpea in te rc rop and Determinate Shor t f o r sorghum/p igeonpea. UC 11 is a d w a r f
Ugandan c o l l e c t i o n , shorter than Serere 1. De te rmina te Shor t is a h i g h - y i e l d i n g var ie ty ,
s l i gh t l y shorter than D o b b s , ma tu r i ng in 124-130 days.
In the later exper iments (1998/99) , bo th f i nge r m i l l e t /p igeonpea and so rghum/
p igeonpea comb ina t i ons were examined . T h e ob jec t i ve was to determine the appropr ia te
r o w pat tern , p lan t p o p u l a t i o n , and cu l t i va r su i tab i l i t y f o r these in te rc rop systems. As w i t h
the ear l ier exper imen ts , a w i d e range of p lan t popu la t ions were used to ensure that the
m a x i m u m p r o d u c t i v i t y o f in tercrops c o u l d b e compared w i t h the m a x i m u m p roduc t i v i t y o f
pure stands. T h e f i nge r m i l l e t var ie ty was Pese 1 , shor t -s tatured, ma tu r i ng in about 120
days. T h e so rghum var iet ies were Sekedo and Seredo.
Three p igeonpea var iet ies were used: I C P 6927 ( m e d i u m dura t ion ) , K a t 60/8 (ear ly to
m e d i u m du ra t i on ) , and I C P L 87091 (short dura t ion) . T h e exper iments were car r ied ou t a t
Make re re U n i v e r s i t y A g r i c u l t u r a l Ins t i tu te K a b a n y o l o ( M U A R I K ) and Nge t ta
Expe r imen ta l S ta t ion i n L i r a d is t r ic t . I n the w o r k i n v o l v i n g f i nger m i l l e t , t w o sets o f
exper iments were car r ied out . One examined the effects o f p lan t popu la t ion on p igeonpea
in te rc ropped w i t h f i nge r m i l l e t a t d i f fe rent r o w pat terns, w h i l e the other s tudied the ef fects
o f r o w patterns on three p igeonpea cu l t i vars in te rc ropped w i t h f i nger m i l l e t .
Results, 1975-77
T h e results have genera l ly shown that in te rc ropp ing can p r o v i d e y i e l d benef i ts . La rge y i e l d
benef i ts were ach ieved , w i t h L E R s o f up to 1.30 and 1.29 in m i l l e t /p igeonpea and so rghum/
p igeonpea m ix tu res respect ively. Pigeonpea y ie lds were l o w in a l l t reatments, due to heavy
disease i n fec t i on and pest attack. W h e n p lan ted as sole c rops , bo th f i nger m i l l e t and
p igeonpea gave the i r h ighest y ie lds at the h ighest p lan t popu la t ions - i nd i ca t i ng that the
p lant popu la t ions used in the exper iments were less than o p t i m u m .
T h e exper imen t also studied the ef fect (at each p lan t popu la t i on ) o f rep lac ing par t o f one
c rop by the other c rop . Fo r instance, when one-quarter o f cereal was rep laced by p igeonpea,
the decrease in cereal y i e l d c o u l d not be compensated by increased p igeonpea y i e l d - to ta l
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gra in y i e l d f r o m the m i x t u r e was l o w e r than f rom sole cerea l . As m o r e and more cereal was
rep laced w i t h p igeonpea, there was a progress ive ly s ign i f i can t decrease in cereal y i e l d and
the to ta l y i e l d o f the m i x t u r e . Howeve r , a t the h ighest p lan t p o p u l a t i o n , and the lowes t
degree o f subs t i tu t ion ( 2 5 % o f cereal rep laced by p igeonpea) , loss o f cereal y i e l d was
large ly compensa ted by increased p igeonpea y i e l d .
Results, 1998/99
Resul ts o f exper imen ts conduc ted in 1998/99 are summar i zed in Tables 1 to 4 . Increas ing
p lan t p o p u l a t i o n s ign i f i can t l y (p<0 .05 ) reduced the n u m b e r o f branches per p lan t , pods per
p lan t , 100-seed mass, and d r y mat ter per p lan t o f p igeonpea in a l l r o w patterns. P lant he ight ,
however , s i gn i f i can t l y increased w i t h increase in p lan t popu la t i on , bu t the number o f seeds
per p o d was no t a f fected by e i ther p lan t popu la t i on o r r o w pat tern . T h e increase in d ry
mat te r per p l an t and pods per p lant was due to increased b ranch ing a t l o w p lan t popu la t ions
and in in te rc rops . Increased b ranch ing in tu rn was due to increased space per p lan t , w h i c h
reduced shad ing and therefore reduced in t ra -spec i f i c c o m p e t i t i o n ( L a w n and Troedson
1990, A l i 1990) . T h i s resul ted i n increased in te rcep t ion o f rad ia t ion and consequent ly m o r e
p o d f o r m a t i o n . A t very h i g h p lant popu la t ions , the reduc t i on i n the n u m b e r o f pods per p lant
c o u l d no t be compensated fo r by the h i g h number o f p lants per un i t area, resu l t ing in l o w e r
to ta l y i e l d . I n te r c ropp ing s ign i f i can t l y (p<0 .05 ) increased the n u m b e r o f pods per p lan t a t
Nge t t a c o m p a r e d t o M U A R I K .
Land equivalence ratios. L E R s in a l l i n te rc ropp ing systems were h igher than 1.0 (1 .06-
1.34 a t M U A R I K and 1.13-1.46 a t Nge t ta ) , i nd i ca t i ng that i n te rc ropp ing p igeonpea w i t h
f inger m i l l e t resu l ted in a y i e l d advantage, and that K a t 60 /8 , a ta l l inde termina te var ie ty ,
was su i tab le f o r such an in te rc rop (Table 1). Y ie lds o f the in te rc rop depended on bo th r o w
pat tern and i n t r a - r o w spac ing. The h ighest L E R s were ach ieved f rom a 2:2 r o w pat tern a t
p igeonpea i n t r a - r o w spacings o f 3 0 c m and 2 0 c m a t M U A R I K and Nge t ta respect ive ly .
W h e n m i l l e t was s o w n in r ows , L E R s were above 1.0 f o r a l l r o w patterns. Fo r in tercrops
where m i l l e t was broadcast, L E R s were less than 1.0 (Table 2 ) . K a t 60 /8 and I C P L 87091
gave the i r h ighest L E R s a t 2:2 r o w patterns and I C P 6927 in 1:2 r o w pat tern . These results
ind ica ted that f o r a g i ven r o w arrangement , o p t i m a l p l an t i ng pat tern depended on the
p igeonpea c u l t i v a r used.
Conclusions
T h e resul ts o f the exper iments c lear ly ind ica ted that the h ighest y i e l d advantages were
ob ta ined a t r o w patterns o f 2:2 f o r K a t 60 /8 and I C P L 8 7 0 9 1 ; and a t a 1:2 r o w pat tern w i t h
I C P 6 9 2 7 . T h e advantages seem to be due to increased b ranch ing and p o d d i n g o f p igeonpea
in in te rc rops , w h i c h m o r e than compensated f o r the reduc t ion i n cereal popu la t i on i n




Table 4 . M e a n yields a n d L E R s in p igeonpea/ f inger mi l let intercrops, Nge t ta , 1998.
Intercrop and population
(plants/m2)
Yield (kg ha-1) Total LER
Pigeonpea Finger millet Combined
PP1+FM (8.3:8.3) 1378 1472 2850 1.01
PP1+FM (5.6:11.1) 1098 1830 2928 0.99
PP1+FM (4.8:16.7) 798 2861 3650 1.14
PP1+FM (4.2:33.3) 709 3944 4655 1.40
PP2+FM (16.7:8.3 2345 1325 3670 1.19
PP2+FM (11.1:11.1) 1645 1428 3073 0.97
PP2+FM (8.8:16.7) 926 2200 3126 0.93
PP2+FM (5.6:33.3) 850 3156 4006 1.17
Sole PP1 (5.6) 2272 - 2272 1.00
Sole PP2 (8.3) 2844 - 2844 1.00
Sole FM (33.3) - 3622 3622 1.00
LSD (0.05) 235.0 238.9 159.3 -
CV (%) 10.8 5.90 5.48 -
PP1 = Kat 60/8, PP2 = ICPL 87091, FM = Pese 1 (finger millet)
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Table 3 . Y ie lds a n d t o t a l L E R s f o r pigeonpea in tercropped w i t h f inger mi l le t a n d
s o r g h u m , M U A R I K , f i rs t season 1998.
Treatment Yield (kg ha-1) Total LER
Pigeonpea Finger millet Sorghum Combined
PP1+FM(1:1) 864 640 1504 1.30
PP1+FM(1:2) 669 636 - 1305 1.16
PP1+FM (2:2) 907 839 - 1746 1.54
PP2+FM(1:1) 558 722 - 1310 1.37
PP2+FM(1:2) 391 928 - 1319 1.38
PP2+FM (2:2) 1010 701 - 1711 1.79
PP1+S (1:1) 433 - 1807 2240 0.95
PP1+S(1:2) 404 - 2594 2998 1.21
PP1+S (2:2) 777 - 2220 2997 1.35
PP2+S(1:1) 349 - 1547 1896 0.91
PP2+S (1:2) 334 - 1865 2199 1.00
PP2+S (2:2) 632 - 2247 2879 1.45
Sole PP1 1359 - - 1359 1.00
Sole PP2 956 - - 956 1.00
Sole FM - 958 - 958 1.00
Sole S - - 2848 2848 1.00
LSD (0.05) 96.1 113.6 121.9 122.5 -
CV(%) 9.05 5.04 5.04 3.52 -
PP1 = Kat 60/8, PP2 = ICPL 87091, FM = Pese 1, S = Seredo (sorghum)
-
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Table 1 . T rea tments used in cotton-pigeonpea intercopping studies, Serere , 1999 .
C-P* C-C-P C-C-C-P C-C-P-P C-P-P-P P-sole C-sole
First rainy season, planted 12 M a y
ICPL 87091 (60 x 20 cm)
ICPL 87091 ( 7 5 x 2 0 cm)
Kat 60/8 (75 x 30 cm)
Adong (75 x 45 cm)
Second rainy season, planted 12 Aug
ICPL 87091 (60 x 20 cm)
ICPL 87091 (75 x 20 cm)
Kat 60/8 (75 x 30 cm)
*C-P: 1 row cotton, 1 row pigeonpea. C-C-P: 2 rows cotton, 1 row pigeonpea, etc
• Spatial arrangement. Var ious comb ina t ions such as 1 r o w co t ton and 2 r o w s
pigeonpea, etc were compared w i t h sole co t ton and sole p igeonpea.
• Variety. Three p igeonpea var iet ies were used: I C P L 87091 (shor t -dura t ion
determinate) , K a t 60/8 (med ium-du ra t i on indeterminate) , and A d o n g ( long-dura t ion ) .
T h e co t ton var ie ty used was B P A 97 .
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Introduction
I n te rc ropp ing studies i n v o l v i n g co t ton w i t h beans, ma ize , and cowpea have been conduc ted
ear l ier (e.g. E l o b o 1996). Howeve r , no exper imenta l w o r k has been documen ted f o r co t t on -
p igeonpea in te rc ropp ing . Deve lopmen t o f a co t ton-p igeonpea system w o u l d a l l o w the
legume to benef i t f r o m co t ton pest management , w h i l e co t ton c o u l d benef i t f rom the
synerget ic ef fects of the in te rc rop . A series of exper iments were therefore conduc ted at
Serere A g r i c u l t u r a l and A n i m a l Research Inst i tu te ( S A A R I ) i n Soro t i d is t r i c t , U g a n d a
du r i ng the t w o ra iny seasons o f 1999. The ob jec t ive was to compare d i f fe ren t spat ia l
arrangements, var ie t ies, pest con t ro l t reatments, and p lan t densi t ies.
Materials and Methods
The f o l l o w i n g factors were tested; t reatments are l is ted in Table 1 .
• Pest control. C h e m i c a l pest con t ro l was app l i ed on three b locks . C y p e r m e t h r i n was
app l ied on co t ton on ly , s tar t ing 35 days af ter ge rm ina t ion and repeated f o r t n i gh t l y to end
of f l o w e r i n g . TWo con t ro l b l ocks had no pest con t r o l .
• Plant density. P igeonpea var ie ty K a t 60 /8 was s o w n at 75 x 30 c m , A d o n g at 75 x 4 5 c m .
I C P L 87091 was s o w n a t t w o densi t ies, 75 x 20 cm and 60 x 20 c m . T h e co t t on var ie ty
B P A 97 was also s o w n at t w o densi t ies, 75 x 45 cm and 60 x 45 c m .
T h e exper iments were conduc ted d u r i n g the t w o ra iny seasons o f 1999, p lan ted i n M a y
and A u g . P lo t size was 6 x 5 m. T h e expe r imen t was l a i d ou t in t w o unsprayed rep l i ca t ions
and three rep l ica t ions w i t h pest c o n t r o l app l ied on co t ton p lants on ly . Treated and unt reated
treatments were separated by a 25 m s t r ip p lan ted w i t h so rghum var ie ty Secedo, s o w n at the
same t i m e . A d o n g was p lan ted o n l y d u r i n g the f i r s t ra iny season. I C P L 87091 and K a t 60 /8
were ra tooned to ob ta in a second harvest (no t repor ted here).
In add i t i on , 8 r a n d o m p lan t samples we re taken f o r each c rop and fo r each t rea tment in
f i v e repl icates, i n order to de te rm ine the m a j o r b iomass components . F ina l l y , l ea f f a l l was
recorded in one treated and one unt reated b l o c k .
Results and Discussion
Spatial arrangement
L a n d Equ iva len t Ra t i o ( L E R ) was h igher than one in a l l i n te rc ropp ing t reatments (Table 2 ,
F i g 1). Th i s was due to the fac t that per-area co t ton y ie lds were h igher in in te rc rop
treatments than in sole co t ton . Fur ther , as the share of the co t ton componen t increased, to ta l
L E R f o r the in te rc rop also increased. T h e h ighest L E R d u r i n g the f i rs t ra iny season was
obta ined f r o m treatment C-C-C-P , i.e. three rows o f co t ton w i t h one r o w o f p igeonpea.
C o t t o n seed y i e l d per un i t area f r o m this ar rangement was about 3 0 % h igher than the
m o n o c r o p t reatment. Y ie lds o f p igeonpea, w h i c h occup ied on l y 2 5 % o f the in te rc rop , were
as h i g h as 4 2 % o f the cor respond ing m o n o c r o p y i e l d . In the second ra iny season, y ie lds o f
bo th crops were l o w as a resul t of d rough t and insect pests. Howeve r , as in the f i rs t season,
L E R s were h i g h in a l l in tercrops, unde r l i n i ng the benef i ts o f th is i n te rc ropp ing sys tem.
Tab le 2 . Y i e l d p e r f o r m a n c e o f pigeonpea-cotton in tercropped w i t h d i f fe rent spat ia l
a r rangements .
Treatment 1st rainy season (planting date 12 May) 2nd rainy season (planting date 12 Aug)
Pigeonpea Cotton Total Pigeonpea Cotton Total
yield yield LER yield yield LER
(kg ha-1) (kg ha
-1) (kg ha-1) (kg ha-1)
C-P 318 1101 1.51 127 339 1.59
C-C-P 300 1148 1.51 75 378 1.23
C-C-C-P 194 1745 1.73 78 444 1.37
C-C-P-P 247 1050 1.32 105 351 1.43
C-P-P-P 490 519 1.45 151 117 1.41
C sole 0 1329 1.00 601 1.00
P sole 464 0 1.00 124 0 1.00
9 2
93
F i g u r e 1 . L E R s f r o m var ious cotton-pigeonpea intercrops, Serere , f i rst r a i n y season
1999 .
Effect of variety
I n te rc rop pe r fo rmance depended on the p igeonpea var ie ty be ing used. I n te rms o f y i e l d o f
b o t h crops and tota l L E R , the loca l va r ie ty A d o n g was the best a m o n g the three p igeonpea
cu l t i va rs used, f o l l o w e d by K a t 60 /8 and I C P L 8 7 0 9 1 . K a t 60 /8 gave a m u c h h igher L E R
than I C P L 8 7 0 9 1 , w h i l e compe t i t i on ef fects were l o w e r w i t h K a t 60 /8 than w i t h I C P L
8 7 0 9 1 . These results can be exp la ined by the d i f fe ren t g r o w t h stages and hence the
reduc t ion o f i n te rc rop compe t i t i on (Ste iner 1982). A d o n g started f l o w e r i n g about 10 weeks
later than co t ton and harvest was even fu r the r de layed .
Pest control
In a l l t reatments, pest con t ro l increased co t ton y ie lds (Table 3) . S im i l a r results were
observed fo r p igeonpea, especia l ly K a t 60 /8 and I C P L 8 7 0 9 1 . Pest con t ro l was re la t i ve ly
m o r e e f fec t ive i n K a t 60 /8 , because the f l o w e r i n g stage r o u g h l y co inc ided w i t h that o f
co t ton . T h e d i f fe rence between treated and untreated p lo ts was smal lest in A d o n g ,
i nd i ca t i ng some degree o f pest to lerance.
Plant density
I C P L 87091 was p lanted a t t w o densi t ies, i.e. 75 x 20 cm and 60 x 20 c m . Increase in p lant
dens i ty increased p igeonpea y i e l d in the in te rc ropped t reatments bu t reduced co t ton y i e l d
(Table 3) . H i g h p lant densi ty also increased to ta l L E R : by 6 5 % f o r the 75 x 20 cm spac ing ,
and by 21 % fo r 60 x 20 c m , w h e n pest con t r o l measures were taken. Per fo rmance was poor
w h e n no pest con t ro l was app l ied (e .g . L E R < 1.0 at 60 x 20 cm spac ing) . T h i s suggests that
i n te r c ropp ing w i t h o u t pest con t ro l gave no y i e l d advantages ove r a m o n o c r o p .










Figure 2 . Biomass product ion in var ious cotton/pigeonpea in tercrop combinat ions ,
Serere, second r a i n y season 1999.
Biomass and nutrient transfer in pigeonpea-cotton intercrops
The impor tance o f b iomass and i ts componen ts , i n c l u d i n g lea f f a l l , was measured in each o f
the in te rc ropp ing systems. F i g . 2 shows the results of the expe r imen t p lan ted d u r i n g the
second ra iny season. T h e co l l ec t i on o f f a l l en leaves started 102 days af ter p l an t i ng and was
comp le ted together w i t h the last p i c k i n g o f co t t on . C o t t o n p roduced the h ighest to ta l
b iomass amoun t ( lea f f a l l and p lan t w e i g h t ) . Hence , i t f o l l o w s that t reatments w i t h a h i g h
share o f co t ton (e .g . 7 5 % or 3 r o w s o f co t ton w i t h 1 p igeonpea r o w ) p roduce the highest
b iomass. P lant dens i ty is another factor - co t ton at l o w e r p lan t dens i ty ( r o w spac ing 75 c m )
produced more b iomass than a t h igher dens i ty ( 6 0 c m ) . The m e d i u m - d u r a t i o n p igeonpea
var iety Ka t 60/8 was ta l ler and p roduced more b iomass than the shor t -dura t ion I C P L 8 7 0 9 1 .
S im i l a r resul ts were repor ted by Nene e t a l . (1990) .
Gross economic returns
Table 4 shows the es t imated gross economic re turns f r o m d i f fe ren t i n te rc ropp ing
treatments. In 1999, the marke t p r i ce ( U g a n d a n sh i l l i ngs ) f o r c leaned seed co t ton was 2 5 0
U S h / k g and f o r she l led p igeonpea 5 0 0 U S h / k g . T h e re turns were h ighest w h e n co t ton was
in te rc ropped w i t h p igeonpea var ie ty A d o n g , pa r t i cu la r l y w i t h 2 5 % A d o n g (863 USh/ha ) .
Howeve r , note that these are gross re turns, and do no t i nc lude inpu t costs ( labor , pest ic ides
etc) , w h i c h are cons iderab le f o r co t ton .
co t ton plant we igh t p igeonpea plant we igh t leaf fal l
7 0 0 0
6 0 0 0
5000
4 0 0 0
3 0 0 0






A n a l y s i s o f s ing le p lan t samples o f co t ton and p igeonpea a l l o w s some p re l im ina ry
conc lus ions to be d r a w n . In co t ton , y ie lds were h ighe r d u r i n g the f i r s t ra iny season. Y i e l d
per s ing le p lan t and number o f bal ls were h ighest in the C-P-P-P t reatment . Fo r p igeonpea,
the h ighest y i e l d per s ingle p lant , and largest n u m b e r o f pods and seeds were ob ta ined f rom
the C - C - P and C - C - C - P treatments in bo th seasons. T h e h ighe r the share o f co t ton , the
h igher the y i e l d o f p igeonpea. Plants in the C - C - C - P t reatment were ta l le r and m o r e
branched. A m o n g the three var iet ies tested, the l oca l var ie ty A d o n g showed the h ighest seed
w e i g h t and largest number o f seeds and pods per p lant . A d o n g also had f ewe r damaged
seeds ( 2 4 - 3 1 % ) and fa i l ed pods, i nd i ca t i ng a h i g h degree of pest to lerance. The seeds are
sma l l and hard . T h e plants are m u c h m o r e b ranched and more than t w i c e as ta l l as the the
t w o i m p r o v e d var iet ies.
Conclusions
• A l l i n te rc rop treatments gave y ie lds h igher than the co r respond ing m o n o c r o p , as
measured b y L E R
• Crops p lan ted du r i ng the f i rs t ra iny season gave h igher y ie lds than crops p lan ted d u r i n g
the second ra ins
• A h i g h share of the co t ton componen t increased to ta l y i e l d ( L E R ) of the in te rc rop
• Yields and gross returns were highest in intercrops w i t h the pigeonpea variety A d o n g
• Inc reas ing p lant densi ty increased p igeonpea y i e l d bu t reduced co t ton y i e l d
• Treatments w i t h a h i g h share of co t ton p roduced the largest amoun t of b iomass.
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Introduction
Pigeonpea is one o f the mos t impo r tan t g ra in legumes in A f r i c a . The c rop is c o m m o n l y
g r o w n as a mu l t i - pu rpose l egume species in terc ropped or s t r ip c ropped w i t h ma ize ,
so rghum, cowpea, g reengram, and cucurb i ts ( Le R o i 1997). Ma ize /p igeonpea is the
dominan t in te rc ropp ing sys tem, ma ize be ing the p r i nc i pa l c rop ( S i l i m e t a l . 1991). The c rop
is g r o w n under cond i t i ons character ized by poor soi ls and f requent d rough t . Farmers
t rad i t iona l l y in tercrop maize w i t h p igeonpea landraces w i t h l i t t le regard fo r spac ing and
popu la t ion ( S i l i m et a l . 1995). Studies have ear l ier been car r ied out on spatial ar rangement
and p lant popu la t i on in cereal -p igeonpea in tercrops, e.g. S i l i m e t a l . (1995) . I n f o r m a t i o n on
the ef fect o f p lan t popu la t i on in i n te rc ropp ing mos t l y focuses on spacing between rows .
However , du r ing p lan t ing most farmers d r i l l seeds in the f u r r o w beh ind the p l o w , w h i c h does
not a l l o w m u c h f l ex ib i l i t y i n i n te r - row spacings. A n o t h e r way o f s tudy ing the ef fect o f
densit ies in an in te rc rop is to al ter the i n t r a - row spacings w h i l e i n te r - row spacings rema in
constant. Rao and W i l l e y (1983) showed that l ong-dura t ion p igeonpea genotypes were ideal
f o r i n te rc ropp ing w i t h cereals. H o w e v e r , in K e n y a , where severe te rm ina l d rough t i s
f requent , l ong -du ra t i on p igeonpea var iet ies o f ten fa i l to p roduce y i e l d and researchers are
l o o k i n g at short- and m e d i u m - d u r a t i o n var iet ies as al ternat ives. As these dura t ion groups are
new in the reg ion , there is need to de te rm ine appropr ia te p roduc t i on pract ices. T h e study
repor ted here a imed a t de te rm in i ng the ef fect o f v a r y i n g p lant densi ty in in tercrops o f ma ize
w i t h short- and m e d i u m - d u r a t i o n p igeonpea, so as to c o m e up w i t h a recommenda t i on fo r
fa rmer use.
Materials and Methods
Crop cultivation and management
T h e t r ia l was conduc ted d u r i n g the 1999 l o n g ra iny season under i r r i ga t i on a t K e n y a
A g r i c u l t u r a l Research Ins t i tu te ( K A R I ) T h i k a Cent re in K e n y a , located a t 1545 m a l t i tude.
T h e average m i n i m u m temperature recorded d u r i n g the c r opp ing season ( A p r - N o v 1999)
was 13.4°C. I n f o r m a t i o n on the average m a x i m u m temperature was not ava i lab le due to
thermometer fa i lu re at the s ta t ion. T h e exper imen t was a 2 x 2 x 4 set out in a sp l i t -p lo t des ign
w i t h fou r repl icates. T h e densi t ies used were 4 .2 , 5.5, 8.3, and 11.1 p lan ts /m 2 represent ing
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( i i ) i n te rc rop maize/p igeonpea. Sub-p lo t t reatments were fou r p lant spacings w i t h i n r ows :
( i ) p igeonpea 11.1 p lants /m 2 , ma ize 4.2 p lan ts /m 2 , ( i i ) p igeonpea 8.3 p lan ts /m 2 , ma ize 5.5
p lan ts /m 2 , ( i i i ) p igeonpea 5.5 p lan ts /m 2 , ma ize 8.3 p lan ts /m 2 , ( i v ) p igeonpea 4 .2 p lan ts /m 2 ,
ma ize 11.1 p lan ts /m 2 and t w o p igeonpea var ie t ies, i.e. Ka t 60/8 ( m e d i u m indeterminate) and
I C P L 87091 (shor t -dura t ion determinate) . T h e var ie ty o f ma ize used was Pioneer h y b r i d
w h i c h is a l oca l l y i m p r o v e d var iety adapted to h igh lands. In order to assess the advantages or
disadvantages o f g r o w i n g in tercropped ma ize versus sole maize a t the fou r densi t ies, f ou r
sole crops o f ma ize were added.
T h e exper imen t was sown o n 21 -22 A p r i l . D i a m m o n i u m phosphate ( D A P 18-46-0) was
app l ied o n l y to maize rows a t s o w i n g t ime a t the rate o f 150 kg ha -1. T h e i n te r - row spacing
was 60 cm and the r o w p ropo r t i on was 2:2 i n in te rc rop , l eav ing crops a t 5 0 % o f the i r
equ iva len t so le-crop p lant popu la t ion . Pa i red- row spat ial ar rangement was selected because
i t a l l ows m o r e rad ia t ion to reach the c rop g r o w n be tween the cereal r ows ( A l i 1990). Each
p lo t measured 5.5 x 7.8 m. T w o seeds of ma ize and f i v e seeds of p igeonpea were sown at the
requ i red d is tance. M a i z e was th inned to one p lant per h i l l and p igeonpea to t w o plants per
h i l l . M a i z e was harvested in Oc t 1999 and bo th p igeonpea var iet ies i n N o v 1999.
Observations and data analysis
Pigeonpea: Observat ions were made on pheno logy (days to f l o w e r i n g , p o d set and
m a t u r i t y ) , on m o r p h o l o g y (p lant he ight , s tem th ickness, and number o f p r i m a r y branches a t
m a t u r i t y ) , y i e l d parameters (pods per p lan t and seeds per p o d ) , and the m a i n insect pests
caus ing pod damage. Maize: Observat ions were made on sta lk th ickness and number o f
cobs per p lant .
At ma tu r i t y an area of 2.4 x 4.5 m (10.8 m 2 ) was harvested per p lo t to est imate to ta l gra in
y i e l d f o r bo th ma ize and the t w o p igeonpea var iet ies. The p roduc t i v i t y o f the system was
assessed by ca lcu la t ing the land equ iva len t ra t ios ( L E R s ) based on the m e t h o d o f M e a d and
W i l l e y ( 1 9 8 0 ) :
L E R = LP + LM = ( Y p m / Y p p ) + ( Y m p / Y m m )
where Y is the y i e l d per un i t area, Y m m and Y p p the so le-crop y ie lds o f ma ize and
p igeonpea, Y p m and Y m p the respect ive y ie lds o f p igeonpea and ma ize i n in terc rops.
Da ta were analyzed us ing Genstat 5 . T h e assumpt ions that va l idate the analysis o f
var iance were checked by p l o t t i ng the res iduals against the f i t t ed va lues.
Results
Plant growth
T h e ef fect o f p lant spacing w i t h i n rows on p igeonpea g r o w t h i s s h o w n in Table 1 . There was
no d i f fe rence in phenology, he ight , and number o f branches a t ma tu r i t y under sole and
in te r c ropp ing . T h o u g h the d i f ference was no t s ign i f i can t , the stems were th i cker in the sole
c rop (5.8 m m ) than in the in tercrop (5 .0 m m ) . There were s ign i f i can t d i f ferences among the




P o d and seed damage by a l l pests d i f f e red s ign i f i can t l y among cu l t i va rs , w i t h I C P L 87091
be ing the most af fected. Ne i the r c r o p p i n g system nor p lan t popu la t i on had any ef fect on pest
inc idence.
Crop yield
G r a i n y ie lds fo r maize and p igeonpea are s h o w n in Table 2 . A f t e r p l o t t i n g the residuals
against the f i t ted values, a sys temic pat tern was observed fo r p igeonpea y i e l d va lues,
s h o w i n g v io la t i on o f the assumpt ions va l i da t i ng the A N O V A . A l o g t rans fo rmat ion o f the
data best gave r ise to a r a n d o m scatter g raph of residuals and was then used fo r the analysis
o f var iance.
M a i z e gra in y ie lds (per hectare) in in tercrops were 7 2 % o f so le -c rop y ie lds , s h o w i n g a 
dec l ine due to in te rc ropp ing . No d i f ferences were f o u n d in ma ize g ra in y ie lds between the
f o u r densi t ies. Pigeonpea gra in y ie lds in in tercrops were reduced to 3 4 % o f the so le-crop
values, show ing a negat ive ef fect of in te rc ropp ing . There was s ign i f i cant in teract ion between
the t w o c ropp ing systems and the p lant densi ty. Regression l ines (P<0.001) were f i t ted to the
p igeonpea y i e l d means fo r each c r o p p i n g system separately. T h o u g h decreasing p igeonpea
plant densi ty consis tent ly reduced y ie lds in bo th c ropp ing systems, the response was h igher
i n i n te rc ropp ing . T h e y ie lds o f K a t 60 /8 and I C P L 87091 d i f fe red s ign i f i can t l y (P<0 .001) i n
b o t h sole c rop and in terc rop, w i t h I C P L 87091 p roduc ing the lowes t y i e l d .
T h e gra in y i e l d components o f p igeonpea and ma ize are shown in Tables 3 and 4 . In
ma ize the intercrops had m o r e cobs per p lant and larger gra in size. Increas ing ma ize p lan t
dens i ty reduced progress ive ly the average gra in size. In p igeonpea, in tercrops had fewer
pods per p lant than the respect ive sole crops. An in terac t ion was also f o u n d between the
c r o p p i n g system and the i n t ra - row spac ing. T h e re la t ionsh ip be tween number o f pods and
increas ing p igeonpea p lant dens i ty was pos i t i ve in the in te rc rop and negat ive in the sole
c rop . T h e number o f seeds per p o d was not af fected by any of the factors. Average seed size
in bo th cu l t i vars d i f fe red s ign i f i can t l y be tween the t w o c ropp ing systems.
Abso lu te p igeonpea y ie lds were pos i t i ve l y corre la ted to the n u m b e r o f pods (P<0.01)
and the number of seeds (non s ign i f i can t ) and negat ive ly cor re la ted to seed size (P<0.01) .
M a i z e gra in y ie ld was negat ive ly cor re la ted to bo th number o f cobs (P<0.05) and seed
size (P<0.01) .
Land equivalent ratios
M o s t L E R s were l owe r than 1 because o f the poor p igeonpea y ie lds in in tercrops (Table 5) .
T h e h ighest y i e l d i n g comb ina t i on overa l l was Ka t 60/8 a t 5.5 p lan ts /m 2 in te rc ropped w i t h
ma ize a t 8.3 p lants /m 2 . Howeve r , the y i e l d advantage was very sma l l ( 1 % ) . The re la t ive
b io l og i ca l e f f i c iency o f the in tercrops f o r each p igeonpea cu l t i va r i s s h o w n in Table 5 . In
I C P L 8 7 0 9 1 , m a x i m u m L E R was ach ieved w h e n p igeonpea a t 5.5 p lan ts /m 2 was
in tercropped w i t h maize a t 8.3 p lan ts /m 2 , w i t h a y i e l d advantage o f 3 % . T h e y i e l d p ropor t ion
o f ma ize [ L E R m / ( L E R m + L E R p ) ] w i t h i n the mos t e f f i c ien t c o m b i n a t i o n was 0.75 f o r each
101
102
Tab le 3 . G r a i n y ie ld components o f ma ize a t f o u r p l a n t densities in sole crop a n d
in tercrop , T h i k a K A R I S ta t ion , long ra ins 1999.
Cropping system Density (plants/m
2) Cobs/plant 100-seed mass (g)








Cropping system (CS) * * *
Intra-row spacing (IS) ns *
CS x I S ns ns
SED (%) CS 0.012 0.332
IS 0.027 1.033
*significant at 5% probability level, ***significant at 0.1 % probability level
p igeonpea cu l t ivar . I n d i v i d u a l L E R s o f ma ize ind ica te a general y i e l d advantage o f
in tercrops over sole ma ize , increas ing cons is tent ly w i t h ma ize p lan t density. In p igeonpea,
a l l i nd i v i dua l L E R s were be low 0.5, s h o w i n g no benef i t o f i n te rc ropp ing . A l t h o u g h a general
dec l ine o f i n d i v i d u a l L E R w i t h decreasing p lan t dens i ty can b e observed, to ta l L E R d i d not
show a s im i la r t rend .
Discussion
I n te rc ropp ing ef fect on g ra in y i e l d d i f f e red be tween c rops . M a i z e was pos i t i ve ly a f fected;
the y i e l d advantage in the in tercrops was due to b igger g ra in and m o r e cobs per p lant than in
the respect ive sole crops. B o t h p igeonpea var iet ies showed no y i e l d advantage in in tercrops
due to a reduct ion in the number o f pods per p lant . W i l l e y e t a l . ( 1981 ) repor ted that in the
t rad i t iona l sorghum/p igeonpea c ropp i n g sys tem, h i g h so rghum y ie lds were ma in ta ined but
p igeonpea y i e l d was adversely a f fec ted; howeve r i f bo th species were g r o w n us ing imp roved
genotypes sown a t f u l l so le-crop popu la t i on , the p igeonpea y i e l d c o u l d be cons iderab ly
increased w i t h o u t great ly l o w e r i n g the con t r i bu t i on o f the cereal (Reddy and W i l l e y 1985).
In th is study, ma ize seems to have compe ted v igo rous l y w i t h p igeonpea.
T h e l o w temperatures exper ienced d u r i n g the c ropp ing season m a y exp la in the general ly
poo r per fo rmance o f the no rma l l y h i g h - y i e l d i n g I C P L 8 7 0 9 1 and K a t 60 /8 . T h e negat ive
in f l uence o f coo l weather on per formances o f shor t - and m e d i u m - d u r a t i o n p igeonpea
var iet ies has been repor ted by S i l i m et a l . (1995) in a s tudy of the K e n y a n transect, w h i c h is
loca ted near the Equato r (1° 15 ' to 4 ° 2 5 ' S) w i t h a l t i tudes v a r y i n g f r o m to 0 to over 1800 m.
T h e lack o f v i go r i n p igeonpea w o u l d have then f a v o u r e d ma ize compet i t iveness i n the
in tercrops. Shor t -dura t ion var iet ies are also k n o w n to respond p o o r l y to in te rc ropp ing w i t h




t r i a l no in te rac t ion w a s observed be tween the c r o p p i n g sys tem and the cu l t i va rs used ;
despi te d i f ferences i n p h e n o l o g y ( 2 0 days ) , b o t h p igeonpea cu l t i va rs started f l o w e r i n g w h e n
ma i ze had no t c o m p l e t e d i ts g r o w t h c y c l e so that a t a p e r i o d o f h i g h nu t r ien t d e m a n d , the
t w o var ie t ies we re sub jec ted t o s i m i l a r c o m p e t i t i o n f r o m ma ize . Y i e l d loss was greater i n
I C P L 8 7 0 9 1 than i n K a t 60 /8 p r o b a b l y because o f h igher pest in fes ta t ion .
T h e pos i t i ve re la t ionsh ip be tween p igeonpea y ie lds and increas ing p lan t densi ty suggests
a bet ter use o f resources a t na r rowe r spac ings. Na ta ra jan and W i l l e y (1980) observed that in
sorghum/p igeonpea i n t e r c r o p p i n g , an increase i n p igeonpea popu la t i on i m p r o v e d l i gh t
in te rcep t ion and p r o d u c t i v i t y . H o w e v e r , h i g h p lan t dens i ty m i g h t no t be as su i tab le in
env i ronmen ts subject to h i ghe r wa te r d e f i c i t , due to increased c o m p e t i t i o n f o r so i l mo is tu re .
Rees ( 1 9 8 6 ) f o u n d that s o r g h u m / c o w p e a in te rc rops were d isadvantageous a t m e d i u m
densi t ies i n d ry cond i t i ons bu t bene f i c i a l i n m o i s t cond i t i ons .
T h e resul ts a lso s h o w that decreas ing p igeonpea p lan t dens i ty reduced p igeonpea y ie lds
m o r e rap id l y in in tercrops than in sole c rops , p robab l y as a resul t o f increas ing c o m p e t i t i o n
f r o m maize. In ma i ze the negat ive re la t i onsh ip be tween y i e l d and seed size ind icates that
t hough ma ize p lants set b igger g ra in a t w i d e spac ings, th is does no t compensate f o r the l o w
p lan t p o p u l a t i o n .
L E R tended to be l owes t w h e n there was an imba lance in the densi t ies o f the t w o c rops ,
suggest ing that i n t e r c ropp ing shou ld be bene f i c ia l w h e n the t w o species are s o w n a t
equ iva len t densi t ies. H o w e v e r , the to ta l L E R s were genera l ly l o w , e i ther less than o r s l i gh t l y
greater than 1 , suggest ing that the d i f f e ren t systems s tud ied show l i t t l e po ten t ia l .
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Discussions - Crop Management
Shor t -du ra t i on p igeonpea is no t su i tab le f o r i n te r c ropp ing . I t i s best so le -c ropped , bu t
requ i res a t ten t ion to insect pest managemen t . M e d i u m - and l o n g - d u r a t i o n var ie t ies are
su i tab le f o r in te rc rops ( and have t r ad i t i ona l l y been in te rc ropped w i t h cereals) because the
i n i t i a l g r o w t h i s s low, m i n i m i z i n g c o m p e t i t i o n w i t h ma ize .
Spacing and plant population
A n u m b e r o f studies have been conduc ted on o p t i m a l c r o p p i n g systems and in te rc rop
comb ina t i ons . T h e advantages o f cerea l -p igeonpea i n te rc ropp ing are unques t ionab le , bu t
exper imen ts on spac ing , r o w pat terns, p lan t densi t ies etc have ye t to y i e l d precise
recommenda t i ons . These recommenda t i ons are l i k e l y to be h i g h l y l oca t ion -spec i f i c ,
pa r t i cu la r l y s ince p igeonpea i s sens i t i ve to changes in temperature and p h o t o p e r i o d .
In genera l , sma l lho lders tend to use lower - than-des i rab le p lan t popu la t i ons . Spac ing as
l o w as 30 cm between r o w s has been successfu l ly t r ied under i r r i ga t i on , bu t fa rmers con t inue
to use spacings o f 7 0 - 8 0 cm o r m o r e , w h i c h i s was te fu l o f resources. O p t i m a l spac ing also
depends on ava i l ab i l i t y o f so i l m o i s t u r e . U n d e r d ry cond i t i ons p igeonpea p lants do no t g r o w
large and there fore h ighe r densi t ies are m o r e e f f i c ien t . I n w e t env i r onmen ts , w h e n p lant
g r o w t h i s m o r e l uxu r i an t , l o w dens i ty i s m o r e su i tab le .
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Technology Exchange
Pigeonpea Technology Exchange - Strategies,
Experiences, and Lessons Learnt in Eastern
and Southern Africa
R B Jones, H A Freeman, and S N Silim
1
Introduction
T h e Pigeonpea I m p r o v e m e n t Pro jec t f o r Eastern and Southern A f r i c a was in i t i a ted i n 1992
w i t h the goa l o f inc reas ing p igeonpea p r o d u c t i v i t y i n the r e g i o n . By 1996, the p ro jec t had
made s ign i f i can t progress in d e v e l o p i n g i m p r o v e d var ie t ies , unders tand ing marke ts , and
i d e n t i f y i n g constra ints t o c o n s u m p t i o n . H o w c o u l d the techno log ies and k n o w l e d g e
deve loped t h r o u g h the c o m b i n e d ef for ts o f I C R I S A T and i ts co l labora tors be d isseminated
to achieve w idespread impac t?
T h e t rad i t i ona l research p a r a d i g m has assumed that techno log ies deve loped by research
w i l l be passed to ex tens ion , and then d isseminated to fa rmers . In the h i g h l y regu la ted
env i ronmen t under w h i c h A f r i c a n agr i cu l tu re operated u n t i l the late 1980s, there are
examples o f w idespread adop t ion o f p roduc t i v i t y -enhanc ing techno log ies such as h y b r i d
ma ize and fe r t i l i ze r i n M a l a w i (He isey and Smale 1995) . U n t i l then , A f r i c a n governments
used the co lon ia l m o d e l o f gove rnmen t m a r k e t i n g boards to con t r o l bo th i npu t and marke t
pr ices pa id f o r ag r i cu l tu ra l p roduce (E icher 1999) . In m a n y cases, the system was used to
tax expor t crops and p u m p the econom ic surp lus ou t o f agr i cu l tu re (Jones 1972). H o w e v e r ,
by the late 1980s, there was an increas ing t rend t o w a r d l i be ra l i zed domest ic markets and an
open ing up o f economies t o the forces o f in te rna t iona l t rade. I n par t icu lar , the m o v e towards
ou tward -o r ien ted po l i c ies recogn ized the impor tance o f expor ts as an impor tan t source o f
economic g r o w t h . T h i s f undamen ta l change in ag r i cu l tu ra l p o l i c y necessitated the adop t i on
of a d i f fe ren t approach to techno logy exchange by the P igeonpea I m p r o v e m e n t Pro ject .
T h e process o f t echno logy exchange i s de f i ned by I C R I S A T as:
• D issemina t ion o f k n o w l e d g e , i n f o r m a t i o n and research outputs to partners and o ther
stakeholders; and
• i npu t and feedback o f k n o w l e d g e , ideas and exper iences to I C R I S A T f r o m farmers and
other s takeholders;
• to enhance the re levance, ef fect iveness, and u t i l i za t i on o f research outputs in suppor t o f
the deve lopment process in the semi -a r i d t rop ics ( H e i n r i c h e t a l . 1997) .
To ef fect change in ag r i cu l tu ra l deve lopmen t , a coord ina ted and focused approach is
necessary a m o n g the var ious actors i n v o l v e d . T h e compara t i ve advantage o f an
in te rna t iona l ag r i cu l tu ra l research ins t i tu te such as I C R I S A T i s i n w o r k i n g i n co l l abo ra t i on
w i t h na t iona l ag r i cu l tu ra l research and ex tens ion systems in techno logy deve lopmen t and
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d issemina t i on . B u t i n an emerg ing m a r k e t e c o n o m y , the rea l test o f success o f t echno log i ca l
i n n o v a t i o n i s no t i n the test p l o t o r the labora to ry , b u t i n the marke tp lace , w h i c h inc ludes the
range o f actors w i t h i n the b road w e b o f i npu t supp ly , p r o d u c t i o n , harvest /s torage,
p rocess ing , and m a r k e t i n g (Jones e t a l . 1999) .
Increased p r o d u c t i v i t y i s an i m p o r t a n t g o a l i n i tse l f , bu t studies o f sma l l ho lde r fa rmers
have s h o w n that , o ther th ings be ing equa l , p r o d u c t i v i t y increases o f a p p r o x i m a t e l y 1 0 0 %
are o f ten requ i red be fore they are l i k e l y to adop t a new techno logy ( C I M M Y T 1988) . T h u s ,
the ab i l i t y o f research a lone to create adequate incent ives f o r t echno logy adop t i on i s l i m i t e d .
A n d ye t t echno logy adop t i on i s essent ia l f o r f u tu re g r o w t h a n d deve lopmen t . T h e cha l lenge
is to create o ther incent ives f o r the adop t i on o f these n e w techno log ies - bu t ne i ther
I C R I S A T n o r i ts N A R E S partners have compara t i ve advantage i n marke ts o r business
deve lopment .
T h i s paper descr ibes the strategies, exper iences, and lessons learn t in the des ign and
i m p l e m e n t a t i o n o f the techno logy exchange p r o g r a m i n suppor t o f the P igeonpea
I m p r o v e m e n t Pro ject .
Strategic Partnerships for Sustainable Development
B e f o r e e m b a r k i n g on the techno logy exchange p r o g r a m , i t was necessary to d e v e l o p a 
n u m b e r o f strategic par tnersh ips. W h a t are par tners and w h a t i s par tnersh ip? T h e Shor ter
O x f o r d E n g l i s h D i c t i o n a r y def ines par tner as " ( i ) one w h o has a share o r par t w i t h another o r
o thers ; a par taker , sharer, ( i i ) one w h o is associated w i t h another or others in some business,
the expenses, p ro f i t s , and losses o f w h i c h he p ropor t i ona te l y shares". Par tnersh ip i s d e f i n e d
as " a n assoc ia t ion o f t w o o r m o r e persons f o r the c a r r y i n g on o f a business, o f w h i c h they
share the expenses, p r o f i t and l oss . " I t i s no t w o r t h the e f fo r t o f d e v e l o p i n g a par tnersh ip i f
we canno t see an ou t come . Partnerships that s i m p l y fee l g o o d bu t are no t p roduc t i ve are no
longe r su f f i c i en t (Foege 1999) .
Spec i f i c ob jec t ives o f the P igeonpea I m p r o v e m e n t Pro jec t we re to :
• S t rengthen na t iona l capaci t ies f o r research and techno logy exchange
• I n t roduce and deve lop i m p r o v e d genet ic ma te r ia l that na t iona l p rog rams c o u l d fu r the r
test and release f o r c u l t i v a t i o n
• D e v e l o p and d isseminate c rop managemen t techno log ies to i m p r o v e sys tem
p r o d u c t i v i t y and sus ta inab i l i t y
• St rengthen seed p r o d u c t i o n and de l i ve r y systems
• D e v e l o p and d isseminate techno log ies to i m p r o v e process ing , u t i l i za t i on , and storage
• I den t i f y w a y s to i m p r o v e the m a r k e t i n g o f p igeonpea ( I C R I S A T 1998).
Dec is ions had to be made on where the greatest impac t c o u l d be ach ieved in the shortest
poss ib le t i m e , and then to deve lop the strategic par tnersh ips necessary to ach ieve the des i red
ou tcome.
F r o m o u r unders tand ing o f the p igeonpea sub-sector i n Eastern and Southern A f r i c a , i t
was c lear that s t rong marke t d e m a n d had s t imu la ted increased p r o d u c t i o n , la rge ly t h r o u g h
an expans ion o f the area p lan ted to p igeonpea. A l t h o u g h stat ist ics were w o e f u l l y l a c k i n g ,
t w o examp les o f r a p i d area expans ion s tood ou t - A r u s h a reg i on in nor thern Tanzan ia and
Z a m b e z i a P rov ince in no r the rn M o z a m b i q u e . Research a lso s h o w e d that b o t h areas we re
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no t on l y l i n k e d to the I n d i a n marke t , bu t a lso t o s ign i f i can t marke ts i n ne i ghbo r i ng
count r ies . I n the case o f Tanzan ia , th is was to K e n y a , and f o r M o z a m b i q u e to southern
M a l a w i ( A c k e l l o - O g u t u and Echessah 1998, M i n d e and N a k h u m w a 1998) . Re la ted
research h i g h l i g h t e d the i m p o r t a n t r o l e that p igeonpea p lays in sustainable l i ve l i hoods f o r
sma l lho lde r fa rmers c u l t i v a t i n g less than 0.5 ha in southern M a l a w i , d i s p r o v i n g the fa l l acy
that poo r sma l lho lders o n l y g r o w p igeonpea f o r f o o d , and no t f o r sale ( M w a l e e t a l . 1999).
F o r th is reason, emphas is was p laced on d e v e l o p i n g strategic par tnerships w i t h the p r i va te
sector. W o u l d such par tnersh ips be sustainable?
"Susta inab le ' ' has become one o f the mos t abused wo rds i n the l e x i c o n o f ag r i cu l tu ra l
deve lopment . H o w e v e r , i t i s an i m p o r t a n t concept that needs to be ca re fu l l y cons idered in
the des ign and i m p l e m e n t a t i o n o f any deve lopmen t p r o g r a m . T h e l i t m u s test f o r
susta inab i l i ty i n d e v e l o p m e n t i s the con t i nua t i on o f i n i t i a t i ves beyond the l i f e o f the p ro jec t .
I f fa rmers , t raders, and processors c o u l d a l l p r o f i t f r om p igeonpea, the chances o f ensur ing
the susta inab i l i ty o f the t echno logy exchange process w o u l d be enhanced.
Technology Exchange Models
Improved germplasm
I n Eastern and Southern A f r i c a , three p igeonpea ma tu r i t y g roups are recogn ized ; l o n g -
du ra t i on , m e d i u m - d u r a t i o n , and shor t -du ra t ion . Shor t -dura t ion var iet ies are sem i -
determinate and ma tu re in 120 days w h i l e the m e d i u m - and l ong -du ra t i on types are
indeterminate and take 160-300 days to ma tu re . Shor t -dura t ion determinate var iet ies are
day length- insens i t i ve w h i l e the m e d i u m - and l ong -du ra t i on types are sensi t ive to b o t h
day leng th and tempera ture . Shor t -du ra t i on var iet ies have the h ighest y i e l d po ten t ia l w h i l e
m e d i u m - and l ong -du ra t i on var ie t ies are s imi la r .
One o f the o r i g i n a l j us t i f i ca t i ons f o r the p igeonpea pro jec t was the expecta t ion that
adop t ion o f i m p r o v e d shor t -dura t ion var iet ies w o u l d lead t o s ign i f i can t p r o d u c t i v i t y
increases. T h e pro jec t assembled and d is t r i bu ted large numbers o f i m p r o v e d p igeonpea
l ines to co l labora tors in na t iona l ag r i cu l tu ra l research and ex tens ion systems, w h o in t u rn
repor ted p r o m i s i n g resul ts w i t h several genotypes. H o w e v e r , i t soon became apparent that
th is t rad i t iona l approach to g e r m p l a s m deve lopmen t had l im i ta t i ons . F i rs t , a l t hough shor t -
dura t ion var iet ies s h o w e d great po ten t ia l in on-s ta t ion t r ia ls where insect pests were
con t ro l l ed , they o f ten f a i l e d to y i e l d under fa rmer management w h e n no pest con t r o l
measures were app l ied . Second , shor t -dura t ion var iet ies d i d no t p e r f o r m w e l l w h e n
in te rc ropped w i t h cereals, the t rad i t i ona l w a y o f c u l t i v a t i n g the l oca l l ong -du ra t i on
landraces th roughou t the r eg i on . T h e p ro jec t recogn ized that unless techno log ies we re
ca re fu l l y targeted, fa rmers we re u n l i k e l y to adopt shor t -dura t ion var ie t ies .
The re are several successfu l examples o f insect pest managemen t on co t t on g r o w n by
smal lho lders i n Eastern and Sou thern A f r i c a . W h y no t invest iga te the poss ib i l i t y o f
target ing co t ton fanners to g r o w shor t -dura t ion p igeonpea? TechnoServe , a US-based N G O
spec ia l i z ing in enterpr ise deve lopmen t , conduc ted a sub-sector analys is on co t ton and
p igeonpea in nor thern M o z a m b i q u e . T h e purpose was to deve lop a de ta i led unders tand ing
o f the p layers i n v o l v e d i n the p r o d u c t i o n and m a r k e t i n g c h a i n , and to i den t i f y areas f o r
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l everaged in te rven t ions to increase fa rmers ' re turns . T h e i r analys is f o u n d that p igeonpea
pr ices i n I n d i a , the d o m i n a n t p roduce r a n d consumer o f the c r o p , tended t o peak i n the
p e r i o d M a y - S e p , j u s t be fo re the I n d i a n c r o p i s harvested. T h i s exp la ined w h y fa rmers i n
nor thern M o z a m b i q u e , w h o were o n l y g r o w i n g l ong -du ra t i on var ie t ies that w e r e no t
harvested u n t i l la te Sep, we re n o t ge t t i ng ve ry h i g h pr ices. These f i n d i n g s we re c o n f i r m e d
w h e n a g r o u p o f I n d i a n m i l l e r s was i n v i t e d to the coun t ry , and expressed an interest i n
purchas ing up to 100 ,000 t o f the c r o p p r o v i d e d de l i ve ry c o u l d be made i n the p e r i od
M a y - S e p w h e n they are shor t o f p r o d u c t t o m i l l i n t o dhal. By i n t r o d u c i n g shor t -du ra t ion
var ie t ies , i t w o u l d be poss ib le t o harvest the c r o p several mon ths ear l ier , and e x p o r t t o I n d i a
w h e n pr ices are h igher .
Severa l co t t on compan ies expressed an interest i n w o r k i n g w i t h TechnoServe based on
the business p l a n presented to t h e m , w h i c h s h o w e d that expo r t o f shor t -dura t ion p igeonpea
was a v iab le business. The re we re add i t i ona l benef i ts i n c l u d i n g the ro ta t ion o f co t t on w i t h a 
n i t r o g e n - f i x i n g l egume c rop that w o u l d boost co t t on y ie lds , and c rop d i ve r s i f i ca t i on a t a 
t i m e w h e n g l o b a l co t t on pr ices we re depressed.
I t i s t o o ear ly t o j u d g e the success o f shor t -dura t ion p igeonpea i n M o z a m b i q u e .
H o w e v e r , the issue o f seed supp ly , and the ab i l i t y o f the co t ton compan ies to p r o v i d e the
necessary i ns t i t u t i ona l suppor t to co t t on fa rmers , have emerged as impo r tan t const ra in ts .
Just as I C R I S A T and i ts N A R E S partners do no t have a compara t i ve advantage in the
marke tp lace , ins t i tu t ions such as TechnoServe do no t have the techn ica l b a c k g r o u n d in seed
p roduc t i on and f a rmer o rgan iza t ion .
K e n y a , w i t h i ts w e l l - d e v e l o p e d ho r t i cu l t u ra l indust ry , has expor ted sma l l quant i t ies o f
f r esh p igeonpea t o the UK f o r several years. T h e sma l lho lde r g rowers have contracts
d i rec t l y w i t h the expor te rs , w h o can read i l y supp l y essent ial inpu ts . T h i s t rade was very
seasonal i n nature because o f the pheno logy o f the t rad i t i ona l l ong -du ra t i on var ie t ies g r o w n
by fa rmers . W i t h the i n t r o d u c t i o n o f shor t - and m e d i u m - d u r a t i o n de termina te var ie t ies that
are less sens i t ive to temperature and p h o t o p e r i o d , i t i s n o w poss ib le to supp ly f resh
p igeonpea year r o u n d .
In 1999, I C R I S A T approached a ho r t i cu l t u ra l expor te r to see i f they w o u l d be interested
in e x p o r t i n g green p igeonpea. I t was agreed that a student f rom the U n i v e r s i t y o f N a i r o b i
w o u l d test 15 i m p r o v e d shor t -du ra t ion var ie t ies to de te rmine the i r s to rab i l i t y and sugar
content w i t h i n the ex i s t i ng d e l i v e r y cha in used by the ho r t i cu l t u ra l expor ter , w h i l e a t the
same t i m e samples w o u l d b e sent t o the U K f o r marke t eva lua t ion . T h e i m p r o v e d short -
dura t ion var ie ty I C P L 87091 was i d e n t i f i e d b o t h by the student and the UK buyers as h a v i n g
the longest she l f l i f e and mee t i ng the UK marke t requ i rements because o f i ts a t t ract ive green
seeds. Regu la r expor ts o f f resh green p igeonpea are n o w tak i ng p lace.
T h e expo r t o f green p igeonpea p rov ides a g o o d examp le o f the d i f f e ren t approach to
techno logy exchange that i s requ i red to ach ieve impac t . T h e ho r t i cu l t u ra l expor te r had
never heard o f I C R I S A T o r p igeonpea be fore they were approached, bu t based on
i n f o r m a t i o n supp l ied they we re w i l l i n g t o w o r k w i t h I C R I S A T and the U n i v e r s i t y o f N a i r o b i
t o invest igate the po ten t i a l o f the f resh p igeonpea m a r k e t Farmers have bene f i t ed by be ing
cont rac ted to g r o w the c r o p f o r expo r t , w i t h a gross re tu rn o f U S $ 2 0 0 0 ha - 1 compa red to
$ 5 0 0 ha - 1 f o r d r y g ra i n .
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Processing and utilization
In 1997, a pa r t i c ipa to ry research needs assessment was car r ied ou t w i t h fa rmers in K e n y a
( L e R o i 1997) . T h e assessment f o u n d that a l t hough p igeonpea i s w i d e l y g r o w n i n the area,
consumers pre fer Phaseolus beans, a t least in the d r y f o r m . P igeonpea is cons idered ha rd to
store, takes t i m e to c o o k , and has a b i t te r taste impar ted by the seed coat . In I n d i a , p igeonpea
is m a i n l y consumed as dhal, w h i c h is p repared e i ther a t h o m e or i ndus t r i a l l y by d e h u l l i n g
and sp l i t t i ng the co ty ledons . A v i s i t t o I n d i a by pro jec t co l labora tors in 1996 i d e n t i f i e d t w o
technolog ies w i t h po ten t ia l f o r app l i ca t i on in Eastern and Southern A f r i c a - the stone chakki 
and m in i -dehu l l e r .
B e f o r e e i ther o f these techno log ies c o u l d be p r o m o t e d , i t was necessary to see h o w they
c o u l d be made l oca l l y as the cost o f i m p o r t a t i o n f rom I nd i a was p r o h i b i t i v e . An ar t isan was
iden t i f i ed i n N a i r o b i w h o was a l ready manu fac tu r i ng chakkis ou t o f cement i n response to
demand f r o m members o f the A s i a n c o m m u n i t y . T h e pro jec t arranged a m e e t i n g w i t h a loca l
art isan in M a c h a k o s , and together they deve loped a p ro to type chakki m o l d e d f rom cement ,
us ing mater ia ls that c o u l d be sourced loca l l y . A t the same t i m e , w o m e n f rom p igeonpea-
g r o w i n g areas were be ing t ra ined in i m p r o v e d process ing and u t i l i za t i on techno log ies by
staf f f rom the K e n y a A g r i c u l t u r a l Research Ins t i tu te w h o had been exposed to i m p r o v e d
process ing and u t i l i za t i on techno log ies b o t h in I n d i a and a t h o m e . To t ra in peop le in
process ing and u t i l i za t i on , i t i s necessary to have the capaci ty to dehu l l the p igeonpea. T h e
deve lopmen t o f the cement chakki was an impor tan t componen t in the ove ra l l strategy to
increase c o n s u m p t i o n , and hence d e m a n d . Increased demand w i l l , i n t u rn , s t imu la te the
adop t ion o f p r o d u c t i v i t y - e n h a n c i n g techno log ies .
T h e mos t successful e f fo r ts to p r o m o t e the manufac tu re o f cement chakkis has been in
the i n f o r m a l sector. Chakki manu fac tu re is be ing p romo ted as a p ro f i t ab le business. T h e
popu la r i za t i on o f p igeonpea c o n s u m p t i o n in the processed f o r m is a necessary c o m p l e m e n t
to the techno logy exchange process, because w i t h o u t demand f o r dha l , there w i l l be no
demand f o r chakkis. 
Discussion
Be fo re a successful t echno logy exchange p r o g r a m can be deve loped , i t is f i r s t necessary to
have a deta i led unders tand ing o f the w i d e r env i r onmen t in w h i c h the techno log ies are to be
p r o m o t e d . F o r p igeonpea, the unders tand ing o f the m a r k e t i n g cha in was pa r t i cu la r l y
impo r tan t a t a t i m e w h e n m o s t gove rnmen ts in Eastern and Southern A f r i c a were adop t i ng
ou tward -o r i en ted po l i c ies that recogn ized the impor tance o f expo r t marke ts . Second,
researchers have to be far m o r e aware o f the w i d e r env i r onmen t in w h i c h they operate, f rom
unders tand ing ma rke t requ i rements t o k n o w i n g h o w d i f fe ren t techno log ies p e r f o r m i n real
l i f e s i tuat ions. W i t h th is unders tand ing , a techno logy exchange strategy can then be
des igned w i t h c lear ly a r t i cu la ted ou tcomes. T h i r d , strategic par tnersh ips need to be
deve loped to address the i d e n t i f i e d ou tcomes, by se lect ing partners based on the i r
compara t i ve advantages in the areas o f exper t ise requ i red to ach ieve the i den t i f i ed
outcomes. T h e establ ishment o f e f fec t i ve partnerships requires that eve rybody is c lear about
the i r respect ive ro les and respons ib i l i t i es , and that there is a fa i r and equ i tab le a l l oca t ion of
resources to car ry ou t the w o r k requ i red . Fo r p igeonpea, emphasis was p laced on
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d e v e l o p i n g par tnersh ips w i t h the p r i va te sector, as they are p r i m a r i l y respons ib le f o r
m a r k e t i n g and process ing o f the c r o p . F ina l l y , t echno logy exchange i s an i te ra t i ve process
w h i c h requ i res that a l l par tners r e m a i n engaged in the techno logy exchange process. There
was a percep t ion a m o n g some researchers that the deve lopmen t o f l i n k s to the p r i va te sector
exc luded research f rom the t echno logy exchange process. T h i s was inco r rec t , as a l ready
p rob lems have been i d e n t i f i e d i n the p r o m o t i o n o f " f i r s t gene ra t i on " techno log ies that
requ i re the r e n e w e d e f fo r ts o f researchers i f we are to be successfu l i n address ing the needs
of b o t h fa rmers and end-users. A g o o d examp le is the urgent need to deve lop shor t -dura t ion
p igeonpea var ie t ies w i t h bet ter resistance to insect pests and f u s a r i u m w i l t than the released
" f i r s t gene ra t i on " techno log ies . Based on ou r unders tand ing o f the p igeonpea sub-sector, we
are n o w in a m u c h bet ter p o s i t i o n to car ry ou t research f o r deve lopmen t , w h i c h i s w e l l
focused and hence m o r e l i k e l y to have a pos i t i ve impac t on the l i ves o f the poor .
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Farmer Participation in Evaluation of Improved
Pigeonpea Varieties in Eastern Kenya
P Audi, R B Jones, and H A Freeman
1
Introduction
M o r e than two - t h i r ds and th ree- four ths o f K e n y a and Eastern K e n y a , respect ive ly , are
c lass i f ied a s semi -a r id lands ( S A L s ) . S A L s i n Eastern K e n y a rece ive 5 0 0 - 8 0 0 m m o f
r a i n f a l l w i t h a d i s t i nc t l y b i m o d a l d i s t r i bu t i on pa t te rn ; the f i r s t season f r o m O c t to Dec and
the second season f r om M a r c h t o M a y ( B r a u n 1980) .
I n the wet ter S A L s , the m a i n crops g r o w n by sma l lho lde rs are ma ize , beans, cowpea ,
and p igeonpea; w h i l e i n d r ie r S A L s , ma ize , s o r g h u m , pear l m i l l e t , cowpea , p igeonpea, and
greengram are p redominan t . C r o p p r o d u c t i v i t y i s cons t ra ined by l o w and errat ic r a i n f a l l ,
inadequate i n f o r m a t i o n on i m p r o v e d managemen t pract ices, insect pests and diseases, and
in fe r t i l e and h i g h l y erodable soi ls ( K a t u m a n i 1995) . U n d e r t rad i t iona l management
pract ices, ma ize and beans f a i l i n h a l f the seasons, due l o w so i l mo is tu re and f e r t i l i t y
(S tewar t and Faught 1984) . E v e n i n average seasons, fa rmers achieve o n l y 2 5 % o f y ie lds
ach ieved on research stat ions. C r o p fa i l u re resul ts i n f requen t famines , loss o f househo ld
i n c o m e , and hardsh ip f o r f a r m fam i l i es w h o have to resor t t o f o o d a id f o r sustenance.
P igeonpea is w e l l adapted to semi -a r i d c o n d i t i o n s due to i ts to lerance to d rough t and
l o w fe r t i l i t y . M o r e than 9 5 % o f p igeonpea p r o d u c t i o n i n K e n y a i s i n the S A L s o f Eastern
K e n y a . H o w e v e r , the t rad i t i ona l p igeonpea types in these areas are la te -matu r ing ( up to 11
m o n t h s ) and are suscept ib le to f usa r i um w i l t , a devas ta t ing disease in S A L s . A l t h o u g h loca l
landraces suf fer m i n i m a l damage by f i e l d insects and have g o o d c o o k i n g , ea t ing , and
m a r k e t i n g qua l i t ies , average y ie lds are less than 5 0 0 kg ha - 1 ( O m a n g a et a l . 1986).
I C R I S A T , i n co l l abo ra t i on w i t h the K e n y a A g r i c u l t u r a l Research Ins t i tu te ( K A R I ) and
the U n i v e r s i t y o f N a i r o b i ( U o N ) , deve loped shor t - and m e d i u m - d u r a t i o n p igeonpea types
that ma tu re in 4 -5 and 6-7 mon ths respec t i ve l y ; a n d l ong -du ra t i on types that ma tu re in 8-10
m o n t h s . I m p r o v e d var iet ies such as K a t 6 0 / 8 , ear ly to m e d i u m - d u r a t i o n , and K a t 777 ,
m e d i u m - d u r a t i o n , were selected a t K A R I - K a t u m a n i as p r o m i s i n g l ines f o r o n - f a r m test ing
( O m a n g a , et. a l . 1991) . Several i m p r o v e d var ie t ies in d i f fe ren t m a t u r i t y groups were also
i d e n t i f i e d t h r o u g h par t i c ipa to ry eva lua t ion , on -s ta t ion and o n - f a r m , by I C R I S A T and i ts
partners ( I C R I S A T / A D B 1997). These i nc lude I C P L 87091 (shor t du ra t i on ) , I C P 6 9 2 7 ,
I C E A P 00068 ( m e d i u m dura t i on ) , I C E A P s 0 0 0 2 0 , 0 0 0 4 0 , and 00053 ( l o n g dura t ion ) . Y i e l d
est imates o f i m p r o v e d p igeonpea on research stat ions ranged f r o m 1200-2500 kg ha - 1 .
I n on-s ta t ion exper imen ts , I C E A P 0 0 0 4 0 had s h o w e d some resistance t o f usa r i um w i l t .
T h e shor t - and m e d i u m - d u r a t i o n types, i n add i t i on to p r o d u c i n g g ra in ear l ier than l oca l
p igeonpea, g i ve fa rmers the advantage of t w o c rops in a year, the second be ing a ra toon c rop
in the l o n g ra ins. Fu r the rmore , shor t -du ra t ion var ie t ies o f fe r fa rmers the f l e x i b i l i t y o f
p l an t i ng p igeonpea in the l o n g ra ins.
1. Internat ional Crops Research Inst i tute fo r the S e m i - A r i d Trop ics , PO B o x 39063, Na i r ob i , Kenya
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However , short- and med ium-du ra t i on variet ies, due to their earliness and/or g r o w t h habi t ,
are more susceptible to f ield insect pests than local pigeonpea (Green et a l . 1979). Economic
evaluat ion of researcher-managed trials revealed that chemical pest cont ro l by smal l farmers was
prof i table on short- and medium-dura t ion but not on long-durat ion types ( I C R I S A T / A D B 1998).
Nonethe less, farmers* c r i te r ia f o r se lect ing i m p r o v e d techno log ies f o r t r i a l d i f f e r f rom
those o f researchers ( C o l l i n s o n 1982) . To enhance adop t i on o f these i m p r o v e d var iet ies by
resource-poor fa rmers , i t i s c r i t i ca l to ensure pa r t i c ipa t i on by a greater n u m b e r o f fa rmers
and the i r assessment under l oca l c i rcumstances w i t h fa rmer eva lua t ion . Fa rmer -managed
tr ia ls are p robab ly m o r e c o n v i n c i n g to fa rmers than a demons t ra t i on p l o t ca re fu l l y managed
by extens ion is ts , w h i l e f a rmer - t o - f a rmer t ransfer o f i m p r o v e d techno log ies i s w e l l
documented ( W o o l l e y 1988, Su ther land 1999, A s h b y 1985) .
U s i n g fa rmer g roups as w e l l as i n d i v i d u a l fa rmers in eva lua t ion imp roves the results and
increases the success o f b o t h i n f o r m a l and f o r m a l me thods o f techno logy transfer.
Subsequent ly , I C R I S A T and partners p lanned and i mp l e me n te d fa rmer -managed t r ia ls ,
in w h i c h a l l var iables ( i n c l u d i n g exper imen ta l ones) were imp lemen ted by a large number o f
farmers . Systemat ic fa rmer -par t i c ipa to ry eva lua t ion was organized in order to determine the
potent ia l acceptab i l i t y t o fa rmers o f p r o m i s i n g var ie t ies.
T h e sites chosen were K i o n y w e n i , T h a v u , and Karaba , a l l i n Eastern Prov ince bu t
si tuated i n d i f fe ren t d is t r ic ts o f M a c h a k o s , M a k u e n i , and M b e e r e , respect ive ly . A l t h o u g h
K i o n y w e n i is at a h ighe r a l t i tude and there fore coo ler than the other t w o sites, a l l three sites
have s im i l a r r a i n fa l l amoun ts and pat tern (Jaetzo ld and S c h i m i d t 1983) . T h e m a i n
d i f ference is that K i o n y w e n i is the least c o m m e r c i a l i z e d p igeonpea p roduc t i on area, w h i l e
T h a v u and Ka raba have modera te and h i g h leve ls o f p igeonpea t rade, respect ive ly .
Objectives
• De te rm ine pe r fo rmance and fa rmer acceptab i l i t y o f i m p r o v e d p igeonpea p roduc t i on
technolog ies
• D issemina te i n f o r m a t i o n on i m p r o v e d p igeonpea p roduc t i on techno log ies to farmers
and extens ion
• P rov ide feedback f o r fu tu re research.
Materials and Methods
Farmer-managed trial design
On the basis o f P R A studies, ac t ion p lans f o r each site were f o r m u l a t e d d u r i n g g roup
discussions w i t h fa rmers , to car ry ou t f a rmer -managed t r ia ls . F o u r p igeonpea p roduc t i on
techno log ies (see Tab le 1) we re on of fer . E a c h techno logy was selected by a t least 50
vo lun teer fa rmers a t each s i te, m a k i n g a to ta l o f 2 0 0 t r i a l fa rmers a t each o f the three sites
d u r i n g the 1997/98 c r o p p i n g season. N P P 6 7 0 , a we l l -es tab l i shed i m p r o v e d p igeonpea in
Karaba , was used as a c o n t r o l in the shor t -dura t ion g roup , w h i l e the loca l p igeonpea was
used as a c o n t r o l in the l ong -du ra t i on g r o u p . Farmers were p r o v i d e d enough seed to p lan t a t
least 625 m 2 o f selected var ie t ies .
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Table 1. Pigeonpea technologies offered to farmers in Kionyweni, Thavu, and Karaba,
Eastern Kenya.
Pigeonpea technology group Varieties in group
Short-duration in monocrop systems
Medium-durat ion in monocrop systems
Medium-durat ion in intercrop systems
Long-duration in intercrop systems
ICPL 87091, NPP 670
Kat 60/8, ICP 6927, ICEAP 00068
Kat 60/8, ICP 6927, ICEAP 00068
ICEAP 00020, I C E A P 00040, ICEAP 00053,
Local
In each area, 15 fanners per t echno logy ( to ta l 60 ) we re r a n d o m l y selected f o r
m o n i t o r i n g v is i t s by f i e ld enumerators , one a t each s i te. Farmers s o w e d and m a n a g e d the
t r ia ls , a n d we re asked to m a k e observat ions on g ra in y i e l d , reac t ion to f i e l d insect pests,
m a t u r i t y p e r i o d , c u l i n a r y qua l i t ies , seed s ize, and o ther i m p o r t a n t character is t ics.
Data collection and analysis
D a t a f rom i n d i v i d u a l fa rmers were co l lec ted f r o m the 15 r a n d o m l y selected fa rmers f o r each
techno logy ( there w e r e 4 techno log ies) at each si te. Y i e l d s we re es t imated f rom a net p l o t o f
25 m 2 f o r each var ie ty . F o r each techno logy , farmers* c r i t e r ia (des i rab le p igeonpea qua l i t i es /
character is t ics) f o r se lec t ing a var ie ty f o r t r ia l were estab l ished t h r o u g h a 1 - 1 0 score sys tem
(1 = least i m p o r t a n t , 10 = mos t impo r t an t character is t ic ) by i n d i v i d u a l fa rmers . Fur ther , at
each s i te a l l i m p r o v e d var ie t ies we re eva lua ted f o r s i te -spec i f ic des i red qua l i t i es o r
character is t ics u s i n g a scale of 1 = poor , 2 = modera te , 3 = g o o d , 4 = ve ry g o o d .
At c r o p ma tu r i t y , three g r o u p d iscussions - one f o r each o f the three du ra t i on g roups -
we re o rgan ized a t each si te w i t h a t least 30 vo lun tee r fa rmers in each du ra t i on g r o u p per si te
in at tendance. D u r i n g g r o u p d iscuss ions, pa i rw i se r a n k i n g (The is et. a l . 1991) was used to
v e r i f y farmers* va r ie ta l preferences.
D a t a f rom i n d i v i d u a l fa rmers was i npu t ted i n SPSS. M e d i a n and F r i edman ' s test
stat ist ics (S iege l and Caste l lan 1988) we re used to estab l ish the des i red p igeonpea
character is t ics and p re fe r red var ie t ies, respect ive ly , a t each s i te.
Results
Pigeonpea qualities or characteristics desired by farmers
At a l l three si tes r a i n f a l l d u r i n g the 1997/98 season was i n f l u e n c e d by the E I N i n o
phenomenon, dur ing w h i c h ra infa l l was more than 4 t imes the long- term average. The short-
du ra t i on g r o u p w a s m o s t severely a f fec ted because o f the c o m b i n e d e f fec t o f h i ghe r than
n o r m a l i n fes ta t i on o f pod-suck ing bugs and heavy downpours that caused complete loss o f the
f i rs t f l ush o f f l o w e r s .
F o r each t echno logy g roup , each i n d i v i d u a l f a rmer ass igned each t ra i t (e .g . large gra ins)
a score on a 1-10 scale where 1 = least and 10 = m o s t i m p o r t a n t t ra i t . T h e m e d i a n test was
d o n e f o r a l l f o u r techno log ies t o s h o w the fanne rs ' des i red p igeonpea qua l i t ies o r se lec t ion
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Tab le 2 . M e d i a n test results fo r m e d i u m - d u r a t i o n in tercrop technology: desirable
pigeonpea character ist ics i n K i o n y w e n i , T h a v u , a n d K a r a b a , E a s t e r n K e n y a .
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Ratoons wel l 6 5 13* 1 0.00
* More than 50% of the fanners at that site had scores higher than the median score
cr i te r ia across the three sites. Test results f o r the m e d i u m - d u r a t i o n in te rc rop techno logy
on l y are s h o w n on Tab le 2. A p igeonpea character is t ic was cons idered impo r tan t at a si te i f
the d i f ferences be tween sites we re s ign i f i can t (p<0 .01 ) and m o r e than h a l f o f the fa rmers
had scores greater than the m e d i a n score.
Genera l l y , the c r i te r ia f o r se lec t ing an i m p r o v e d var ie ty were consis tent i n a l l f o u r
techno logy groups bu t d i f f e red s i gn i f i can t l y be tween sites. In K i o n y w e n i , the least
c o m m e r c i a l i z e d p igeonpea p r o d u c t i o n area, c o o k i n g t i m e and taste we re impor tan t qual i t ies
f o r fa rmers ; w h i l e i n Karaba , the m o s t c o m m e r c i a l i z e d area, fa rmers ra ted h i g h y i e l d , large
gra ins , and ear ly m a t u r i t y as the m o s t impo r t an t qual i t ies . In T h a v u , where p igeonpea
c o m m e r c i a l i z a t i o n i s modera te , w i l t to lerance and ra toonab i l i t y we re cons idered the mos t
impor tan t qua l i t ies . M o r e o v e r , these resul ts were consistent f o r a l l f o u r t echno logy groups.
Farmers' varietal preferences
At each s i te, three g roup d iscuss ions, represent ing shor t - , m e d i u m - a n d l ong -du ra t i on
p igeonpea types, were he ld to eva luate f a rmer preferences f o r the i m p r o v e d var iet ies
t h r o u g h pa i r -w i se r a n k i n g . In a d d i t i o n , a score sys tem (1 = poor , 2 = modera te , 3 = g o o d , 4 
= ve ry good ) was used by i n d i v i d u a l fa rmers to evaluate the i r preferences f o r var iet ies they
had t r i ed based o n l y on s i te-spec i f ic des i rab le p igeonpea character is t ics in Table 2 .
F r i edman 's test stat ist ic (S iege l and Caste l lan 1988) was used to establ ish any s ign i f i can t
d i f ferences i n preference be tween var ie t ies i n each du ra t i on g roup .
Tables 3-5 show the resul ts o f i n d i v i d u a l and g roup eva luat ions a t the three locat ions .
T h e mean y i e l d f o r a l l var iet ies i n each du ra t i on g r o u p (shor t , m e d i u m and l ong ) a t each site
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Table 3 . G r o u p a n d i n d i v i d u a l f a r m e r eva lua t ion o f i m p r o v e d pigeonpea variet ies
f r o m a l l th ree d u r a t i o n groups i n T h a v u .
Duration Mean Mean rank for Overal l Overall












ICPL 87091 276 1.2** 2 .2** 1 1
NPP 670 222 1.8** 1.6** 1 2
Medium duration (N=30)
Kat 60/8 867 2.0 2 .6** 1 1
ICP 6927 803 2.0 2 .0** 2 2
ICEAP 00068 833 2.1 1.4** 3 3
Long duration (N=15)
ICEAP 00020 1493 3.2** 2.5 2 2
ICEAP 00040 2133 3.5** 2.5 1 1
ICEAP 00053 1160 1.5** 2.5 4 4
Local 1245 1.9** 2.5 3 3
* Number of farmers responding under individual assessment
** Friedman's On-square test statistic by duration group was significant at p ≤ 0.01
Tab le 4 . G r o u p a n d i n d i v i d u a l f a r m e r eva luat ion o f i m p r o v e d pigeonpea variet ies i n
the three d u r a t i o n groups i n K a r a b a .
Duration Mean Mean rank for Overall Overall
group/variety grain y ie ld desired qualities preference preference
(kg ha-1) High Early Large order by order by groups
yield maturity grains indiv idual
farmers
of farmers
Short duration (N=15) *
ICPL 87091 360 1.0** 2.0** 1.0** 2 2
NPP 670 133 2.0** 1.0** 2 .0** 1 1
Medium duration (N=30)
Kat 60/8 627 1.5** 1.0** 1.0** 3 3
ICP 6927 686 3.0** 2.5** 3.0** 1 1
ICEAP 00068 762 1.5** 2.5** 2 .0** 2 2
Long duration (N=15)
ICEAP 00020 1133 2.0 2.0** 2 .0** 2 2
ICEAP 00040 1150 3.0 3.0** 3.0** 1 1
ICEAP 00053 na na na na - -
Local na 1.0 1.0** 1.0** 3 3
* Number of respondents or observations under individual assessment
**Friedman's Chi-square test statistic by duration group was significant at p ≤ 0.01
122
T a b l e 5 . G r o u p a n d i n d i v i d u a l f a r m e r eva luat ion o f i m p r o v e d pigeonpea variet ies i n
a l l three d u r a t i o n groups i n K i o n y w e n i .
Duration Mean Mean rank for
desired qualities
Overall Overall
group/variety grain y ie ld preference preference






Med ium duration (N=30)*
Kat 60/8 653 2.0 2.5 3 3
ICP 6927 975 2.0 2.5 2 2
ICEAP 00068 1075 2.1 2.1 1 1
Long duration (N=15)
ICEAP 00020 1582 2.3 2.3 3 3
ICEAP 00040 1557 2.8 2.8 1 1
ICEAP 00053 2060 2.3 2.3 3 4
Local 1886 2.8 2.8 1 2
Short-duration varieties (ICPL 87091, NPP 670) were not evaluated due to complete crop failure
* Number of farmers responding under individual assessment
** Friedman's Chi-square test statistic by duration group was significant at p ≤ 0.01
d i d not vary s ign i f i can t l y . T h e resul ts o f g roup and i n d i v i d u a l f a rmer rank ings we re s im i l a r
w i t h i n a s i te, but va r ied across sites.
In T h a v u , where the m o s t des i rab le trai ts were good ra toonab i l i t y and w i l t resistance,
N P P 6 7 0 and I C P L 87091 rece ived the same overa l l ra t i ng under i n d i v i d u a l f a rmer
assessment. Howeve r , the lat ter ra tooned s ign i f i can t l y better in T h a v u , and g roup eva lua t ion
rated i t better than N P P 6 7 0 (Tab le 3) . K a t 60 /8 showed s ign i f i can t l y h igher ra toonab i l i t y
than I C P 6927 and I C E A P 0 0 0 6 8 and was rated the mos t pre fer red var ie ty i n the m e d i u m -
du ra t i on g roup by bo th g r o u p and i n d i v i d u a l f a rmer eva lua t ion . I C E A P 0 0 0 4 0 , ra ted as the
best var ie ty , was less suscept ib le to w i l t than the other l ong-dura t ion types, w i t h I C E A P
00053 be ing the mos t suscept ib le .
In Karaba , where the m o s t des i rab le trai ts we re h i g h y i e l d , ear l iness, and large gra ins ,
N P P 670 , I C P 6 9 2 7 , and I C E A P 0 0 0 4 0 were rated as the best var iet ies in the shor t - ,
m e d i u m - and l ong -du ra t i on g roups , respect ive ly (Table 4 ) . A l t h o u g h N P P 6 7 0 was rated
s ign i f i can t l y h igher than I C P L 87091 f o r y i e l d and gra in size, the lat ter had a s ign i f i can t l y
h igher ra t i ng fo r ear ly ma tu r i t y . F o r a l l desi rable t rai ts i n Karaba , I C P 6927 and I C E A P
0 0 0 4 0 were rated s i gn i f i can t l y h igher than the other var iet ies in the i r respect ive du ra t ion
groups.
In K i o n y w e n i , where taste a n d c o o k a b i l i t y were the mos t desi rable qua l i t ies , g roup and
i n d i v i d u a l f a rmer eva lua t ion establ ished that I C E A P 00068 and I C E A P 0 0 0 4 0 were the best
var ie t ies i n the m e d i u m - and l ong -du ra t i on g roups , respect ive ly (Tab le 5 ) . H o w e v e r , the i r
taste and c o o k a b i l i t y were no t s i gn i f i can t l y h igher than the other var iet ies in the i r respect ive
du ra t i on groups.
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Discussion
Des i rab le t ra i ts and va r ie ta l preferences f o r short - and m e d i u m - d u r a t i o n p igeonpea we re
s i te-spec i f ic as a r e f l e c t i o n o f l o c a l f a rmer p rob lems , needs, and management ab i l i t ies . T h e
analys is suggests that w i t h increased commerc ia l i za t i on , f a rmers ' preferences become m o r e
marke t -o r i en ted , w h i l e in a subsistence p roduc t i on sys tem, preferences are more re lated to
c o o k i n g and ea t ing qua l i t i es .
In Ka raba , abou t 7 5 % o f p igeonpea p roduced i s so ld as d r y g ra in o r green pods to
m i d d l e m e n w h o f e r r y i t t o N a i r o b i ( L e R o i 1997) , and con t ro l o f f i e l d pests i s a rou t i ne
managemen t p rocedure . Farmers i n Karaba requ i red p igeonpea var ie t ies w i t h g ra in o f g o o d
m a r k e t i n g qua l i t y ( b o l d seeds). A n y i m p r o v e d var iet ies that are h i g h y i e l d i n g , have b o l d
gra ins , and matu re ear l ie r than loca l landraces have great po ten t ia l f o r adop t ion . N P P 6 7 0
meets these c r i te r ia , and has been adopted by 6 0 % o f fa rmers in Ka raba ( A u d i et. a l 1999) .
I C P 6 9 2 7 , an i m p r o v e d m e d i u m - d u r a t i o n var ie ty whose g ra in size is descr ibed as large, has
the h ighes t po ten t ia l f o r w i d e r app l i ca t ion i n Ka raba and together w i t h N P P 670 , shou ld be
p r i m e targets f o r a seed m u l t i p l i c a t i o n p r o g r a m and o f f i c i a l va r ie ty release.
F a r m e r s ' preferences f o r ea r l y -ma tu r i ng var ie t ies i n Ka raba c o n f i r m L e R o i ' s ear l ie r
f i nd i ngs that d r y g ra i n f rom ea r l y -ma tu r i ng p igeonpea, o f ten so ld before the loca l p igeonpea
comes to marke t , f e tched about t w i c e the p r i ce o f l a te -ma tu r ing loca l types. I C P L 87091
was eva luated as s i gn i f i can t l y ear l ier m a t u r i n g than N P P 6 7 0 , and has a fu r ther advantage of
p r o d u c i n g t w o c rops per year i n Karaba . H o w e v e r , g ra in size o f I C P L 8 7 0 9 1 , descr ibed as
m e d i u m size in va r ie ta l descr ip tors , was eva luated as s i gn i f i can t l y smal le r than that o f N P P
6 7 0 . The re fo re , f u r the r research shou ld a i m a t inc reas ing the g ra in size o f I C P L 87091 in
order to enhance i ts use by fa rmers in marke t -o r ien ted p r o d u c t i o n areas. We note that
scient ists a t I C R I S A T - N a i r o b i have made crosses be tween I C P L 87091 and I C E A P s 0 0 0 4 0
and 0 0 0 6 8 to i m p r o v e seed size w h i l e re ta in ing ear ly matu r i t y .
P igeonpea g ra in pr ices in M a c h a k o s d is t r ic t , whe re K i o n y w e n i i s located, are l o w e r than
in M b e e r e ( M b a t i a e t a l . 1991) . Fu r the rmore , mos t t r ad ing i n p igeonpea i s car r ied ou t i n the
loca l marke ts and the b u l k o f g ra in i s bough t f o r l oca l c o n s u m p t i o n . Because p igeonpea
p r o d u c t i o n i n K i o n y w e n i i s m a i n l y f o r househo ld c o n s u m p t i o n , fa rmers requ i re var iet ies
w i t h g o o d c o o k i n g and ea t ing qua l i t ies . Fa rmer se lec t ion o f I C E A P 00068 and I C E A P
0 0 0 4 0 as the m o s t su i tab le var ie t ies at the l oca t i on , c o n f i r m s descr ip tors that ind ica te that
the i r c o o k i n g and ea t ing qua l i t i es are as g o o d as the loca l p igeonpea. These var iet ies should
be targeted fo r seed produc t ion and o f f i c ia l release in K i o n y w e n i and s imi lar areas.
Fa rmers ' preferences f o r I C P L 8 7 0 9 1 , K a t 60 /8 , and I C E A P 0 0 0 4 0 i n T h a v u , M a k u e n i
d is t r i c t , m a y be a r e f l ec t i on o f f a rmers ' desire to f i n d so lu t ions to the p rob lems o f d rough t -
espec ia l ly i n the l o n g ra ins - and w i l t ( L e R o i 1997) . A l t h o u g h K a t 60 /8 i s suscept ib le to
w i l t ( O m a n g a e t a l . 1991) fa rmers rated i t the i r f avo r i t e m e d i u m - d u r a t i o n var ie ty due to i ts
g o o d ra toon ing ab i l i t y , w h i c h enables i t t o escape t e r m i n a l d r o u g h t a t the end o f l o n g ra ins .
K a t 60 /8 and I C P L 8 7 0 9 1 , w i t h exce l len t r a toon ing qua l i t ies (accord ing t o var ie ta l
descr ip tors) , have great po ten t ia l in T h a v u and s i m i l a r areas w i t h a ve ry short ra in fa l l pe r i od
d u r i n g the l o n g ra ins because the ra toon c rop matures ear ly in the season.
H o w e v e r , t o fu r the r enhance demand fo r these var ie t ies, some leve l o f w i l t to lerance
shou ld be i nco rpo ra ted . Fa rmers eva lua t ion o f I C E A P 0 0 0 5 3 as h a v i n g s ign i f i can t l y l o w e r
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w i l t resistance than the o ther l ong -du ra t i on var ie t ies c o n f i r m s fa rmer eva luat ions done
ear l ie r i n M a l a w i ( A D B 1998, R i t ch i e et. a l . 1998) .
Conclusions and Recommendations
T h e resul ts o f f a rmer pa r t i c i pa t i on i n eva lua t ion o f i m p r o v e d p igeonpea var iet ies i n Eastern
Prov ince o f K e n y a have several p o l i c y and research imp l i ca t i ons . W i t h i n the same p r o v i n c e ,
fa rmers ' c r i te r ia f o r se lec t ing i m p r o v e d var iet ies to t r y d i f f e red in a l l the three d is t r i c ts .
F i rs t , th is underscores the impor tance o f unders tand ing farmers* se lect ion c r i te r ia in the
con tex t i n w h i c h they m a k e dec is ions , i n o rder to set p r io r i t i es and strategies f o r b reed ing
and techno logy d i ssemina t i on . Second, the resul ts a f f i r m the impor tance o f f a rmer i n p u t i n
ensur ing the re levance o f research products .
In the i m m e d i a t e f u tu re , research shou ld focus on i nco rp o ra t i n g des i rab le t rai ts that
were l a c k i n g in the var iet ies selected by farmers a t the three si tes. I C R I S A T is increas ing the
seed size o f I C P L 87091 f r o m m e d i u m to large i n o rder t o boost the use o f the var ie ty
espec ia l ly i n c o m m e r c i a l i z e d p igeonpea areas. I nco rpo ra t i ng w i l t resistance i n t o K a t 6 0 / 8
and s i m i l a r genotypes c o u l d boost p roduc t i on t remendous ly i n areas l i k e M a k u e n i , w h e r e
w i l t is a m a j o r const ra in t .
Targeted seed p r o d u c t i o n and d i s t r i bu t i on by p r i va te seed compan ies o f I C P L 8 7 0 9 1 ,
K a t 60 /8 , I C P 6 9 2 7 , N P P 6 7 0 , and I C E A P 0 0 0 4 0 c o u l d b e in i t i a ted t o enhance sca l ing u p o f
p r o d u c t i o n and w i d e r adop t ion o f i m p r o v e d var ie t ies. A s the adop t i on o f i m p r o v e d var ie t ies
increases, a s tudy to establ ish d i f f u s i o n trends f o r the new var ie t ies in the o r i g i na l t r i a l sites
c o u l d be ca r r ied ou t in order to p rov ide lessons f o r fu r the r research and po l i c y ac t ions.
Concu r ren t l y , I C E A P 0 0 0 4 0 and I C P 6927 shou ld be o f f i c i a l l y released, and fa rmer -
managed demonst ra t ions o rgan ized to p romo te and conso l ida te the i r use in s im i l a r
env i ronments .
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Introduction
Pigeonpea i s an i m p o r t a n t g ra in l egume c rop in the semi -a r id and a r i d reg ions o f Tanzania .
T h e m a j o r p r o d u c t i o n areas are L i n d i and M t w a r a reg ions i n the Southern Z o n e and
K i l i m a n j a r o and A r u s h a reg ions (especia l ly Baba t i d i s t r i c t ) i n the N o r t h e r n Z o n e . T h e c rop
is also i m p o r t a n t as a green vegetable in the Coast , D a r es Sa laam, Tanga, and M o r o g o r o
reg ions i n the Eastern Z o n e ( A n o n . 1999). P igeonpea i s p r i m a r i l y g r o w n fo r i ts g ra in , w h i c h
i s m a i n l y f o r sale. O n l y 5 - 1 0 % o f the d ry g ra in i s consumed loca l l y . M u c h o f the p igeonpea
in Tanzan ia is g r o w n as an in te rc rop ; m a i n l y w i t h ma ize and to a lesser extent w i t h so rghum,
cassava, and sweet po ta to ( M b o w e and M a i n g u 1987). F o r examp le , 9 7 % o f the smal l -sca le
fa rmers i n Baba t i d is t r i c t i n te rc rop p igeonpea w i t h ma ize ( L y i m o e t a l . 1992).
P igeonpea m a r k e t i n g began before independence in the 1960s (personal
c o m m u n i c a t i o n , She r i f f D e w j i and Sons L t d . , A r u s h a , A u g 2000) . Research and
deve lopmen t e f fo r ts (on-s ta t ion and m u l t i l o c a t i o n a l t r ia ls) began in the ear ly 1980s, and
fa rmer -pa r t i c ipa to ry approaches in the ear ly 1990s.
T h i s paper h i gh l i gh t s some o f the e f fo r ts made by the N a t i o n a l A g r i c u l t u r a l Research
Sys tem ( N A R S ) in co l l abo ra t i on w i t h fa rmers and other partners - ex tens ion staff,
I C R I S A T , K i l i m o / S a s a k a w a G l o b a l 2000 , N G O s , seed producers , f a rmer associat ions etc -
in o rder to enhance p r o d u c t i o n and adop t i on . T h e ac t iv i t ies i nc lude d iagnost ic studies,
par t i c ipa to ry o n - f a r m research, seed m u l t i p l i c a t i o n and m a r k e t i n g , t ra in ing on i m p r o v e d
process ing and u t i l i za t i on , and d issemina t ion mechan isms. T h e paper also shares lessons
learned in te rms o f f a rmers ' preferences f o r var ie t ies, p roduc t i on const ra in ts , and
suggest ions f r o m farmers and other stakeholders about w h a t shou ld be done to i m p r o v e
adop t i on .
Diagnostic and Case Studies
Reconnaissance study on maize/pigeonpea intercropping,
Babati and Arumeru
Th i s s tudy was conduc ted i n Baba t i and A r u m e r u d is t r ic ts o f A r u s h a reg ion i n 1992. The
m a i n ob jec t i ves we re to unders tand the c r o p p i n g sys tem and the m a i n const ra in ts , i n order
to p l an o n - f a r m t r ia ls and address the constra in ts to he lp fa rmers increase p igeonpea




 and F A Myaka
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p r o d u c t i o n . T h e s tudy revea led that p igeonpea was m a i n l y g r o w n f o r sale, in te rc ropped w i t h
m a i z e ; l ong -du ra t i on landraces we re g r o w n , w i t h wh i t e / c ream co lo red m e d i u m - s i z e d seeds
or large r e d / b r o w n seeds. Farmers were ready to increase acreage and p roduc t i on o f the c rop
i f re l i ab le m a r k e t i n g channe ls we re establ ished and h igher pr ices o f fe red ( L y i m o e t a l .
1992) .
T h e m a i n p r o d u c t i o n const ra in ts i den t i f i ed were : l ack o f i m p r o v e d , h i g h - y i e l d i n g
var ie t ies ; l o w pr ices and l a c k o f assured marke ts ; pests and diseases. A c c o r d i n g l y , research
ac t i v i t i es have been conduc ted to address some o f these const ra in ts .
Financial profitability of maize/bean intercropping
A s tudy was conduc ted in 2 0 0 0 to exam ine the ro le o f techno logy in pove r t y a l l e v i a t i on :
spec i f i ca l l y , the f i n a n c i a l p r o f i t a b i l i t y o f ma ize /bean i n te r c ropp ing packages i n no r the rn
Tanzan ia . T h e b road ob jec t i ve was to compare f i nanc ia l returns f rom three a l te rna t ive
techno log ies - maize/beans i n t e r c ropp ing , ma ize /p igeonpea i n te r c ropp ing , and ma ize
m o n o c r o p p i n g .
T h e s tudy was conduc ted i n H a i , A r u m e r u , and Baba t i d is t r i c ts . Farmers were selected
f rom the in te rmed ia te and l o w l a n d agro -eco log ica l zones in the d is t r ic ts where these three
systems are impor tan t . Farmers we re d i v i d e d i n to three categor ies based on the leve l o f
inpu ts and c r o p managemen t used. Da ta on p roduc t i on costs, y ie lds , and ou tpu t pr ices were
co l l ec ted t h r o u g h i n d i v i d u a l and g r o u p i n te rv iews . F inanc ia l re turns f o r each category o f
fa rmers we re de te rm ined us ing net benef i ts and sens i t i v i ty analysis techniques.
T h e resul ts ( K i r w a y e t a l . 2000 ) ind ica ted that m o n o c r o p p e d ma ize o f fe red l o w e r
returns than i n t e r c ropp ing : F inanc ia l p r o f i t a b i l i t y (net benef i ts ) f o r the t w o in tercrops was
s i m i l a r w h e n 1998 (and ear l ie r ) marke t pr ices were used. H o w e v e r , marke t pr ices f o r
p igeonpea increased sharp ly in 1999, to 3 0 0 T S h kg - 1 , as a resul t o f m a r k e t i n g e f fo r ts by
TechnoServe and o ther par tners. A t these pr ices , net benef i ts f rom ma ize /p igeonpea
in te r c ropp i ng we re a lmos t t w i c e as h i g h as f r o m maize/beans.
Participatory On-Farm Research
Var ious o n - f a r m research ac t iv i t ies have been conduc ted since the ear ly 1990s (Tab le 1).
T h e y are targeted a t the smal l -sca le , resource-poor fa rmer , and i nc l ude :
• O n - f a r m eva lua t i on o f i m p r o v e d var ie t ies
• I n t e r c r o p p i n g t r ia ls
• L a b o r - s a v i n g techno log ies
• Pests and diseases
• Fa rmer assessment of techno log ies .
On-farm trials of short-duration pigeonpea
P r o m i s i n g shor t -dura t ion genotypes were ve r i f i ed over several seasons on f a rmer ' s f i e lds in
n ine d is t r i c ts : K i l o s a (1995 and 96 ) and M o r o g o r o ( 1 9 9 7 , 9 8 , 9 9 ) ru ra l d i s t r i c t i n M o r o g o r o
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T a b l e 1 . Progress o f efforts t o p r o m o t e pigeonpea adopt ion i n N o r t h e r n T a n z a n i a ,
1 9 8 9 / 9 0 to 1999 /00 .
Activity 1989/90 1994/95 1999/2000
No. of small-scale farmers participating in 12 224
on-farm research




Estimated area under improved varieties - 600
Estimated seed production of improved varieties - 210-240 tons
Quantity of improved seed sold to small-scale farmers . 510 kg
Prices offered to farmers (USD kg-1) 0.05 0.25 0.45
No. of farmers in farmer producer groups/businesses - 624
No. of farmers/extension workers trained in - 300
processing and utilization
No. of farmers/extension workers trained in - 30
manufacture of cement chakkis 
No. of technologies produced (agronomic practices, - 4
processing methods etc)
Sources: Lyimo 1997, interviews with farmers and traders, Aug 2000
r e g i o n ; H a n d e n i (1997) , M u h e z a (1995 ) , and K o r o g w e ( 1 9 9 7 , 9 8 , 99 ) i n Tanga r e g i o n ;
K i n o n d o n i (1995 and 98 ) , I la la (1995 and 9 8 ) , and Temeke ( 1 9 9 5 , 9 8 , 9 9 ) i n D a r es Sa laam
r e g i o n ; and Same d is t r i c t (1998) i n K i l i m a n j a r o r e g i o n .
Each fa rmer tested t w o genotypes, I C P L 87091 and I C P L 86005 ( t w o add i t i ona l
genotypes we re tested d u r i n g the f i r s t season in D a r es Sa laam, bu t subsequent ly d ropped
based on the 1997 resul ts) . Y i e l d pe r fo rmance was var iab le be tween genotypes and be tween
d is t r ic ts . I n some d is t r i c ts , there we re no s ign i f i can t y i e l d d i f ferences be tween genotypes.
Farmers were asked to assess the var iet ies us ing an open-ended quest ionna i re and also us ing
m a t r i x r a n k i n g . Farmers i n a l l d is t r ic ts cons is tent ly p re fe r red I C P L 8 7 0 9 1 . Based on these
resul ts the var ie ty was released in D e c 1999 under the name o f K o m b o a . Farmers
cons idered several t rai ts to be impo r t an t in a var ie ty - h i g h y i e l d , w h i t e seeds, short c o o k i n g
t i m e , pa la tab i l i t y , ear ly ma tu r i t y , insect resistance, large seeds, synchronous matu r i t y ,
marke tab i l i t y , and d rough t resistance.
Medium- and long-duration pigeonpea intercropped with maize
Prev ious on-s ta t ion research had i den t i f i ed poss ib le m e d i u m - and l ong -du ra t i on var iet ies
su i tab le f o r i n te rc ropp ing w i t h ma i ze . To v e r i f y the i r pe r fo rmance and eventua l l y
r e c o m m e n d var ie ty ( ies) , t r ia ls were conduc ted on farmers* f i e l ds i n M o r o g o r o , Tanga,
Coas t , L i n d i , K i l i m a n j a r o , and M t w a r a reg ions . I n 1999, t w o p igeonpea var ie t ies, l o n g -
du ra t i on I C E A P 0 0 0 2 0 and m e d i u m - d u r a t i o n I C E A P 0 0 0 6 8 , we re in te rc ropped w i t h ma ize





Tab le 2 . F a r m e r ' s percept ions about sui tabi l i ty o f p igeonpea variet ies f o r m a i z e
i n t e r c r o p p i n g , M s i n g i s i / K w i p i p a a n d I h a n d a i n K i losa a n d K o n g w a distr icts, 1999 .
ICEAP 00068 ICEAP 00020
Reasons for liking Early maturing High yielding
Palatable Insect resistant
High yielding Tall plant (not easily
Good seed color grazed by goats)
Short plant Multiple harvest
Good germination Palatable/tasty
Fast cooking (green) Fast cooking
Does not differ much in maturity Large seeds
from maize No pod abortion
Reasons for disliking Susceptible to pests Late maturing
Short plants (easily grazed by goats) Stays in the field for a long
Small stem, thus little firewood time, danger of being eaten by
Pod abortion




T h e t r i a l s w e r e c o n d u c t e d a t t w o c lus te rs i n the t w o d i v i s i o n s , a n d i m p l e m e n t e d b y
" f a r m e r r esea rch g r o u p s " ( t h i s has p r o v e d t o b e m o r e e f f i c i e n t t h a n t he t r a d i t i o n a l
a p p r o a c h i n v o l v i n g i n d i v i d u a l f a r m e r s ) . S o i l samp les w e r e c o l l e c t e d p r i o r t o p l a n t i n g
i n o r d e r t o e s t a b l i s h b a s e l i n e f e r t i l i t y l e v e l s . A f t e r h a r v e s t , f a r m e r s w e r e asked t o
assess t he v a r i e t i e s a n d the i n t e r c r o p p i n g s y s t e m u s i n g a c h e c k l i s t . M a t r i x r a n k i n g w a s
used t o r a n k the v a r i e t i e s .
A t t h e e n d o f t he season , s o m e p a r t i c i p a t i n g f a r m e r s v i s i t e d B a b a t i d i s t r i c t , w h e r e
m a i z e / p i g e o n p e a i n t e r c r o p p i n g h a d been a d o p t e d . T h i s v i s i t p r o v e d v e r y u s e f u l - i t
i n c r e a s e d f a r m e r s ' c o n f i d e n c e i n t he n e w i n t e r c r o p p i n g s y s t e m a n d acce le ra ted
a d o p t i o n . P a r t i c i p a t i n g a n d n o n - p a r t i c i p a t i n g f a r m e r s r eques ted p i g e o n p e a seed t o
i n t e r c r o p w i t h m a i z e d u r i n g t he f o l l o w i n g season. A m o n g the p a r t i c i p a t i n g f a r m e r s ,
p l a n t e d area r a n g e d f r o m 0 .6 ha t o 1.2 ha per f a rmer .
Results were no t conclus ive, w i t h variable y ie lds in the t w o clusters. However , the tr ials have
c lea r l y increased awareness and adop t ion o f the n e w i n te r c ropp ing sys tem, and p r o v i d e d
usefu l i n f o r m a t i o n on f a r m e r s ' percept ions o f the t w o var ie t ies (Table 2) . These percept ions
were a lso cons is tent w i t h m a t r i x rank ings . Qua l i t i es that fa rmers w o u l d l i k e in a p igeonpea
var ie ty we re insect res istance, large seeds, h i g h y i e l d , marke tab i l i t y , pa la tab i l i t y , d rough t
resistance, ease of dehu l l i ng , short p lant type, wh i te seeds, th ick stem, and many seeds per p o d .
M e d i u m - and l o n g - d u r a t i o n genotypes were a lso tested i n L i n d i , M t w a r a , H a n d e n i ,
I r i n g a , M o r o g o r o r u r a l , and Same d is t r ic ts i n 1998. These i n c l u d e d I C P 9145 and 6 9 2 7 ,
I C E A P 0 0 0 2 0 , 0 0 0 4 0 , 0 0 0 5 3 , and 00068 . A d d i t i o n a l loca t ions were i nc luded th is season -
K i e g e a v i l l a g e i n K i l o s a d is t r i c t , M b w e w e and K w a r u h o m b o v i l lages i n B a g a m o y o d is t r i c t ,
and M k a t a , M a z i n g a r a , and K w a c h a g a v i l lages i n H a n d e n i d is t r i c t . I n K iegea v i l l age ma i ze /
p igeonpea i n t e r c r o p p i n g has been adopted as a c o m m e r c i a l c r o p ; p igeonpea is so ld to
buyers f r o m D a r es Sa laam.
Table 3 . F a r m e r rank ings o f variet ies a n d t ra i ts , A r u m e r u distr ict , 1998.
Trait Variety performance for each trait Rank
00068 00040 00020 9145 Local 6927 00053 of trait
Marketability 1 5 5 5 5 ' 4 4 1
Time to maturity 5 4 4 4 3 5 2 2
Seed size 4 5 4 4 4 3 3 2
Pest resistance 1 3 4 5 5 2 4 4
Uniform maturity 2 5 5 5 2 2 2 5
Yield 1 4 4 5 2 2 1 6
Total score 13 26 26 28 20 18 17
Rank of variety 7 2 2 1 4 5 6
(using matrix ranking)
Rank of variety (using 7 3 2 1 4 5 6
pairwise comparisons)
Variety performance on 1-5 scale where 5 = excellent/very good, 4 = good, 3 = average, 2 = satisfactory, 1 = very poor
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Improved medium- and long-duration varieties, Babati and Arumeru
Fou r l ong -du ra t i on and t w o m e d i u m - d u r a t i o n var ie t ies were eva luated by 50 smal l -sca le
fa rmers i n Baba t i and A r u m e r u d is t r ic ts i n 1997/98. T h e var iet ies were I C P 9 1 4 5 , I C E A P
0 0 0 2 0 , 0 0 0 4 0 , and 00053 ( l o n g dura t ion) , I C E A P 0 0 0 6 8 and I C P 6927 ( m e d i u m dura t i on ) .
T h e f o u r l o n g - d u r a t i o n var iet ies were also eva luated by f o u r fa rmers i n Baba t i under h i g h
fusa r i um w i l t pressure, t o compare them w i t h loca l landraces. A l l t r ia ls were f u l l y managed
by fa rmers themselves.
D u e to late de l i ve r y o f seed, heavy E I N i n o ra ins , and poo r f o l l o w - u p o f ins t ruc t ions by
fa rmers , no y i e l d data were co l lec ted f o r the f u s a r i u m treatments. H o w e v e r , fa rmers '
assessment o f the var iet ies was conducted i n A r u m e r u us ing ma t r i x r a n k i n g and pa i rw i se
compar i son techn iques. T h e loca l landrace c o m m o n l y re fer red to as Baba t i W h i t e ( l o n g -
du ra t i on , wh i t e / c ream c o l o r e d , m e d i u m to large seeds) was used as a con t ro l . T h e resul ts
( L y i m o a t a l . 1998) i nd ica ted that fa rmers cons idered a l l the test var ie t ies, except I C E A P
0 0 0 6 8 , to have h i g h l y marke tab le character ist ics. Farmers also rated the var iet ies h i g h l y f o r
earl iness (except the l oca l and I C E A P 00053 ) and large seed size. I C E A P 0 0 0 5 3 and
I C E A P 0 0 0 6 8 we re rated very l o w fo r y i e l d , w h i l e I C E A P 0 0 0 2 0 and 0 0 0 4 0 and I C P 9145
were ra ted very h i gh l y . Based on bo th ma t r i x rank ings and pa i rw ise compar isons , the t op
three var iet ies were I C P 9 1 4 5 , I C E A P 0 0 0 2 0 , and I C E A P 00040 . I C E A P 00053 and I C E A P
00068 were the least p re fe r red (Table 3 ) .
I n 1998/99 three l ong -du ra t i on var ie t ies, I C E A P 0 0 0 2 0 , 0 0 0 4 0 and 0 0 0 5 3 , were aga in
eva luated o n - f a r m i n Baba t i and A r u m e r u . I C P 9145 c o u l d no t be eva luated due t o l ack o f
seed. A to ta l o f 186 fa rmers par t ic ipated in the eva lua t ion . Each fa rmer was g i v e n 1 kg o f
each var ie ty . F i v e p r o d u c t i o n clusters were f o r m e d in Baba t i d is t r i c t : f o u r c lusters a round
Baba t i t o w n (Nangara , Managha t , S inge ,and H i m i t i v i l l ages) and the f i f t h c luster i n Dareda
area, cons is t ing o f fa rmers f r o m v i l lages a round B a c h o T r a i n i n g Cent re and F A R M A f r i c a .
One c luster was o rgan ized i n A r u m e r u d is t r i c t , w i t h fa rmers f r o m K i k a t i t i , M a r o r o n i , and
T a b l e 4 . F a r m e r r a n k i n g s o f var iet ies a n d t r a i t s , 3 5 f o r m e r s i n D a r e d a / B a c h o a r e a ,
B a b a t i d is t r ic t , 1999 .
Trait Variety performance for each trait Rank
00020 00040 00053 Local of trait
Disease resistance 5 5 5 5 1
High y ie ld











































Variety performance on 1-5 scale where 5 = excellent/very good, 4 = good, 3 = average, 2 = satisfactory, 1 = very poor
M a l u l a v i l l ages . F a r m e r s ' assessments o f the var ie t ies we re conduc ted us ing m a t r i x and
pa i rw i se rank ings ( L y i m o e t a l . 1999) .
T h e m a i n fa rmer -p re fe rence c r i t e r i a across a l l c lusters w e r e : ( i ) w h i t e c o l o r f o r bet ter
marke tab i l i t y , ( i i ) h i g h y i e l d , ( i i i ) resistance to pests and diseases, ( i v ) u n i f o r m matu r i t y .
Based o n these c r i t e r i a and us ing m a t r i x r a n k i n g , I C E A P 0 0 0 4 0 and I C E A P 0 0 0 2 0 were the
m o s t p re fe r red var ie t ies across a l l sites f o l l o w e d j o i n t l y by I C E A P 00053 and the l oca l
Baba t i W h i t e (Tables 4 - 6 ) .
S i m i l a r resul ts were ob ta ined w i t h pa i rw ise rank ings (Tables 4 -6 ) . I C E A P 0 0 0 4 0 was
the m o s t p re fe r red . T h e l oca l va r ie ty was rated second i n Da reda /Bacho and A r u m e r u i n
pre ference t o I C E A P 0 0 0 2 0 due t o i ts w h i t e r seeds and hec to l i te r w e i g h t . I C E A P 00053 was
the least p re fe r red var ie ty across a l l sites w i t h the excep t ion o f areas a round Baba t i t o w n ,
w h e r e i t was ranked h ighest due t o i ts w h i t e co lo r , h i g h y i e l d , and u n i f o r m matu r i t y .
T h e eva lua t ions w e r e repeated in the 1999 /2000 season u s i n g the same sites and
approaches. T h e n u m b e r o f fa rmers increased t o 224 .
I n add i t i on t o p r o v i d i n g i n f o r m a t i o n o n var ie ty pe r fo rmance i n re la t ion t o f a rmer
preferences, the t r ia ls have a lso he lped educate fa rmers on qua l i t y standards f o r marke t -
o r ien ted p r o d u c t i o n , and encouraged fa rmers to organize themselves i n to p roducer g roups
t o e x p l o i t ma rke t oppor tun i t i es .
Insect pest control In malze/pigeonpea intercrop
T h e t r i a l was conduc ted i n Baba t i and A r u m e r u d is t r ic ts i n the 1993/94 and 1994/95
seasons. E i g h t fa rmers par t i c ipa ted in the t r i a l each season. T h e ob jec t ives we re to
de te rmine the m o s t c r i t i ca l t i m e f o r c o n t r o l o f p o s t - f l o w e r i n g insect pests on p igeonpea,
de te rm ine the m o s t e c o n o m i c a l stage f o r pest c o n t r o l , a n d m o n i t o r the sequence o f insect
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T a b l e 5 . F a r m e r rank ings o f variet ies a n d t ra i ts , 53 f a r m e r s in 4 vil lages a r o u n d
B a b a t i t o w n , 1999 .
Trait Variety performance for each trait Rank
00020 00040 00053 Local of trait
Early maturity 5 5 5 3 1
4 5 5 4 1
Disease resistance 5 5 5 2 3
High yield 3 4 5 5 3
White color 3 5 4 4 5
Uniform maturity 3 5 5 3 5
Total score 23 29 29 21
Rank of variety 3 1 1 4
(using matrix ranking)
Rank of variety 4 2 1 3
(using pairwise comparisons)
Variety performance on 1 - 5 scale where 5 = excellent/very good, 4 = good, 3 = average, 2 = satisfactory, 1 = very poor
pest appearance. Fou r t reatments were app l i ed : ( i ) unsprayed con t ro l ( f a rmers ' n o r m a l
prac t i ce) , ( i i ) spray a t f l o w e r i n g , ( i i i ) spray a t p o d d i n g , ( i v ) spray a t b o t h f l o w e r i n g and
p o d d i n g stages.
P re l im ina r y results showed that the mos t impo r tan t pos t - f l owe r i ng insect pests were p o d
borers (He l i cove rpa armigera, Maruca testulalis). T h e fa rmers ' pract ice (unsprayed) gave
the l owes t net bene f i t a m o n g t reatments. H o w e v e . , data on o p t i m a l spray reg imes were no t
conc lus i ve - h ighest net benef i ts we re ob ta ined f rom spray ing a t f l o w e r i n g in 1993/94 , and
f rom sp ray ing a t bo th f l o w e r i n g and p o d d i n g i n 1994/95. Resul ts were c o n f o u n d e d by
Tab le 6 . F a r m e r rank ings o f var iet ies a n d t ra i ts , 2 5 f a r m e r s a t K i k a t i t i , A r u m e r u
distr ic t , 1999 .
Trait Variety performance for each trait Rank
00020 00040 00053 Local of trait
High yield 5 4 4 4 1
White color 3 5 3 5 2
Hectoliter wt. 3 5 3 4 2
Early maturity 4 5 3 3 4
Large grains 4 5 3 3 4
Uniform maturity 4 5 3 2 6
Pest resistance 4 3 2 5 6
Total score 27 32 21 28
Rank of variety 3 1 4 2
(using matrix ranking)
Rank of variety 3 1 4 2
(using pairwise comparisons)
variety performance on 1 -5 scale where 5 = excellent/very good, 4 = good, 3 = average, 2 = satisfactory, 1 = very poor
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d ro ug h t , a n d no f u n d i n g was ava i lab le t o con t i nue tes t ing f o r the t h i r d season. A d d i t i o n a l
t r ia ls are needed to deve lop appropr ia te spray recommenda t i ons to c o n t r o l insect pests.
Maize/pigeonpea intercropping trials in Babati
These t r ia l s were conduc ted i n Baba t i d i s t r i c t i n 1993 /94 and 1994/95. T h e ob jec t i ves we re
to eva luate p r o m i s i n g m e d i u m - and l o n g - d u r a t i o n var ie t ies f o r the i r su i t ab i l i t y t o
i n t e r c r o p p i n g , and de te rmine o p t i m a l p igeonpea dens i ty f o r i n t e r c ropp ing . T w o p igeonpea
densi t ies we re tested: 55 ,550 and 27 ,700 p lan ts ha - 1 . Th ree p igeonpea var iet ies we re tested:
K a t 6 0 / 8 , I C P L 87105 , and Baba t i W h i t e ( l oca l ) . T h e ma ize var ie ty was K i l i m a ( m e d i u m
dura t i on ) .
T h e l oca l p igeonpea ou ty ie lded the t w o i m p r o v e d m e d i u m - d u r a t i o n var ie t ies . B u t i t a lso
reduced m a i z e y ie lds i n the in te rc rop , t h r o u g h greater c o m p e t i t i o n . T h e resul ts i nd i ca te that
pe r f o rmance o f an in te rc rop depends on m u l t i p l e factors (e.g. l ong -du ra t i on p igeonpea m a y
need to be p lan ted a t l o w e r densi t ies t o l i m i t c o m p e t i t i o n w i t h ma i ze ) , and that l oca l
var ie t ies can somet imes o u t p e r f o r m " i m p r o v e d " var ie t ies. T h e h ighest net benef i ts were
ob ta ined w h e n the loca l var ie ty was in te rc ropped w i t h ma ize a t a p o p u l a t i o n o f 27 ,700
p lants ha - 1 .
Intra-row spacing in maize/pigeonpea intercrop
C o n v e n t i o n a l spacings in a ma ize /p igeonpea in te rc rop are too na r row to a l l o w the use o f ox -
d r a w n weeders . U s e o f these imp lemen ts can reduce labor requ i rements f o r w e e d i n g , a 
c r i t i ca l cons t ra in t i n m a n y smal l -sca le f a r m i n g systems. T h i s t r ia l a i m e d to eva luate in t ra -
r o w c r o p p i n g pat terns ( i .e . ma ize and p igeonpea p lan ted w i t h i n the same r o w ) that p r o v i d e
su f f i c i en t space be tween r o w s to p e r m i t the use o f o x - d r a w n w e e d i n g . T h e t r i a l was
conduc ted in A r u m e r u d is t r i c t i n the 1995/96 (4 fa rmers ) and 1996/97 seasons (8 fa rmers ) .
K i l i m o / S G 2 0 0 0 suppor ted the t r ia l i n 1995 /96 ; w h i l e K i l i m o / S G 2 0 0 0 and I C R I S A T
j o i n t l y suppor ted the 1996/97 t r i a l . Th ree i n t r a - r o w p igeonpea spacings were tested: ( i ) 80 x 
50 cm (2 p l an t s /h i l l ) w i t h a popu la t i on o f 5 0 , 0 0 0 p lants ha - 1 , ( i i ) 80 x 100 cm (2 p lan t s /h i l l ) ,
25 ,000 p lan ts ha - 1 , ( i i i ) 80 x 150 cm (2 p lan ts /h i l l ) , 16,600 p lants ha - 1 .
T w o s t r ip demonst ra t ions were a lso conduc ted a longs ide the t r i a l . T h e f i rs t
demons t ra t i on p l o t had 3 r o w s o f ma i ze f o l l o w e d by 2 r o w s o f p igeonpea. M a i z e spac ing
was 80 x 50 cm w i t h 2 p lan ts /h i l l , popu la t i on 30 ,000 p lants ha - 1 P igeonpea spac ing was 80
x 40 cm w i t h 2 p lan t s /h i l l , popu la t i on 25 ,000 p lan ts ha -1. T h e second demons t ra t i on p l o t had
4 r o w s o f m a i z e f o l l o w e d by 2 r o w s o f p igeonpea. Spacings were the same as in the f i r s t
demons t ra t i on . P lan t popu la t ions were 33 ,335 and 20 ,831 p lants h a 1 f o r ma ize and
p igeonpea respect ive ly .
P r e l i m i n a r y conc lus ions were as f o l l o w s ( L y i m o e t a l . 1997). T h e t i m e taken to w e e d 1 
acre was 2 hours us ing o x e n , compared to 4 - 6 mandays us ing a handhoe. T h e h ighes t ma i ze
and p igeonpea y ie lds were ob ta ined f r o m 3:2 r o w s o f ma ize : p igeonpea i n the demons t ra t i on
s t r ip t r i a l . H o w e v e r , the h ighest net benef i ts and marg ina l rates o f re tu rn we re ob ta ined f r o m
the 80 x 50 cm i n t r a - r o w p l an t i ng pat tern . T h e f a r m e r s ' pract ice gave the l owes t net benef i ts
c o m p a r e d to a l l o ther p l an t i ng patterns.
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M a t r i x r a n k i n g o f the i n t r a - row p l an t i ng pat terns ind ica ted that fa rmers p re fe r the 80 x 
50 cm p igeonpea spacing because o f h igher ma i ze and p igeonpea y ie lds , h ighe r i n c o m e , and
h ighe r p r o d u c t i o n o f fodder and f u e l w o o d . Pa i rw ise compar i son o f a l l the techno log ies
( i n t r a - r o w p l an t i ng patterns as w e l l as s t r ip demonst ra t ions) showed that fa rmers p re fe r red
the i n t r a - r o w 80 x 50 cm spac ing f o l l o w e d by 3:2 r o w s o f maize:p igeonpea.
Demonstrations and Farmer Training on Improved
Processing and Utilization
A p a r t f r o m i ts po tent ia l as a marketab le cash c r o p , p igeonpea can be u t i l i zed w i d e l y a t
househo ld l eve l . I n order to p r o m o t e u t i l i za t i on , fa rmers and extens ion o f f i ce rs we re t ra ined
on i m p r o v e d process ing and u t i l i za t i on methods . T r a i n i n g was conduc ted i n the f o l l o w i n g
d is t r ic ts - M o r o g o r o ru ra l ( 1997 ) , K i n o n d o n i , I la la , Temeke, K o r o g w e , A r u m e r u (a l l i n
1998) , and Baba t i (1996 , 98 and 99 ) . T h e t ra in ing-o f - t ra iners approach was f o l l o w e d .
Ex tens ion o f f i ce rs a t d is t r ic t and v i l l age leve ls and a f e w farmers were t ra ined to be t ra iners,
and they then t ra ined other fa rmers under the superv is ion o f researchers. T h e t r a i n i ng
cove red three methods - process ing p igeonpea i n to dhal, h o w to prepare dhal soup , and
prepara t ion o f bonkko, o r mea l prepared f r o m w h o l e p igeonpea g ra i n . T h i s season,
demons t ra t i on o f these methods w i l l con t i nue a t a l l locat ions where var ie ty t r ia ls are b e i n g
conduc ted .
Seed Multiplication and Marketing
I n 1995/96 K i l i m o / S G 2000 , i n co l l abo ra t i on w i t h the extens ion services and Se l ian
A g r i c u l t u r a l Research Inst i tu te ( S A R I ) , in i t ia ted seed mu l t i p l i ca t i on groups in A r u m e r u and
Baba t i d is t r ic ts . Smal l -sca le farmers were o rgan ized i n to groups o f 10 fa rmers each. E v e r y
fa rmer was g i v e n 3 kg o f Babat i W h i t e , su f f i c ien t to p lan t 1 acre. A f t e r harvest the fa rmers
were asked to g i ve 3 kg to the i r ne ighbors w h o s i m i l a r l y w o u l d d is t r ibu te seed f rom the i r
harvest to others. S ix groups (60 farmers) we re i n v o l v e d in the p rog ram a t the b e g i n n i n g . In
1999 /2000 th is had g r o w n to 18 groups (180 fa rmers ) .
In 1997/98 I C R I S A T started con t rac t ing fa rmers and pr ivate seed compan ies to m u l t i p l y
seed o f i m p r o v e d var iet ies bo th f o r loca l d i s t r i bu t i on and expor t . Compan ies such as Ro t i an
Seed C o m p a n y , Tanzania Plantat ions, Z a n o b i a Seed, and East A f r i c a Seed have been
m u l t i p l y i n g p igeonpea seed f o r the last 2 years. By end 1999, cont rac t fa rmers in the
N o r t h e r n Z o n e were g r o w i n g seed on about 2 0 0 acres, p roduc ing 7 0 - 8 0 tons o f i m p r o v e d
seed.
Farmers par t i c ipa t ing in o n - f a r m t r ia ls have a lso served as seed mu l t i p l i e r s . E v e r y such
fa rmer receives 1 kg of seed of the test var ie ty , and we est imate that these fa rmers can easi ly
p roduce 80 tons o f seed each season.
E f f o r t s are be ing made by d i f fe ren t partners such as I C R I S A T , K i l i m o / S G 2 0 0 0 ,
TechnoServe , Ro t i an Seed C o m p a n y , Sher i f f D e w j i and Sons, etc to secure a re l iab le marke t
and g o o d pr ices f o r p igeonpea fa rmers . One approach i s to m o b i l i z e fa rmers i n t o p roducer
and m a r k e t i n g groups or businesses. TechnoServe has already he lped establ ish f i v e
businesses - cons is t ing of 2 0 0 fa rmers - in Baba t i d is t r ic t . Las t season the p r i ce of
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p igeonpea rose f rom the ear l ier average o f 118 T S h kg- 1 t o an average o f 3 0 0 T S h kg" 1 ( 1
U S $ = 8 0 0 T S h ) . I f the n e w pr i ce rema ins stable we can expect a large increase in p igeonpea
area a n d p roduc t i v i t y .
Dissemination Mechanisms
Var i ous mechan isms are be ing used to d isseminate p igeonpea techno log ies . Researchers,
ex tens ion s ta f f and other par tners, espec ia l l y K i l i m o / S G 2 0 0 0 , have been o r g a n i z i n g f i e l d
days to increase awareness. These f ie ld days are h e l d a t b o t h o n - f a r m and on-s ta t ion t r i a l
s i tes. T h e y have a lso been o rgan i z i ng v i s i t s by p o l i c y makers to o n - f a r m t r ia ls and
demons t ra t i ons , h e l p i n g to s t rengthen p o l i c y suppor t f o r the c rop . Fa rmers and ex tens ion
s ta f f w o r k c lose ly together to test techno log ies o n - f a r m . de te rmine the i r accep tab i l i t y and
re levance , i den t i f y const ra in ts (e .g . t h r o u g h d iagnos t ic s tudies) , a n d thus create the
c o n d i t i o n s necessary f o r r a p i d adop t i on . Researchers are p repa r ing posters , lea f le ts , and
o ther ex tens ion mater ia ls f o r techno log ies that have been tested and f o u n d acceptable -
a g r o n o m i c pract ices, p repara t ion o f p igeonpea d ishes, and manufac tu re o f cemen t chakkis. 
F a r m e r g roups are be ing t ra ined on d i f f e ren t aspects o f p igeonpea p r o d u c t i o n .
Par tnersh ips are a key fac to r in t echno logy deve lopmen t and d i ssemina t i on . N u m e r o u s
stakeholders are i n v o l v e d in these e f fo r ts - f a r m e r g roups , TechnoServe and o ther N G O s ,
r e l i g i o u s g roups , K i l i m o / S G 2 0 0 0 , I C R I S A T , the ex tens ion serv ices, p r i va te seed
compan ies , and traders. K i l i m o / S G 2 0 0 0 and I C R I S A T have been o rgan i z i ng j o i n t annual
p l a n n i n g meet ings whe re a l l k e y s takeholders are ac t i ve ly i n v o l v e d . As a resu l t o f these
par tnersh ips , p r o d u c t i o n and adop t i on o f n e w var ie t ies i s increas ing i n m a n y areas, w h i l e
m a r k e t ava i l ab i l i t y and pr ices p a i d t o fa rmers have s ign i f i can t l y i m p r o v e d .
Lessons Learned
Feedback f rom fa rmers and other s takeholders shows that p r o d u c t i o n and adop t i on o f
p igeonpea has been const ra ined by several fac to rs : l ack o f assured marke ts and g o o d pr ices ,
l a c k o f h i g h - y i e l d i n g var iet ies that are a lso resistant to insect pests and diseases, l o w i npu t
use, p o o r husbandry pract ices, l ack o f k n o w l e d g e on process ing and u t i l i z a t i o n , and lack o f
seed o f i m p r o v e d var ie t ies.
P r o d u c t i o n and adop t i on c o u l d i m p r o v e i f these constra in ts w e r e addressed: f o r
e x a m p l e , t h r o u g h deve lopmen t o f marke ts , p r o v i s i o n o f c red i t , and t r a i n i ng o f fa rmers i n
i n t e r c r o p p i n g , pest c o n t r o l , ha rves t ing techn iques , a n d process ing and u t i l i z a t i o n methods .
A c c o r d i n g l y , the na t iona l research p r o g r a m w i l l p lace p r i o r i t y on the f o l l o w i n g areas:
• C o n t i n u e w i t h o n - f a r m ve r i f i ca t i on a n d p r o m o t i o n o f i m p r o v e d var ie t ies
• T r a i n fa rmers in i m p r o v e d c rop managemen t pract ices, t ra in fa rmers and ex tens ion s taf f
i n p rocess ing and u t i l i za t i on
• Co l l abo ra te w i t h o ther par tners to d e v e l o p marke ts and increase pr ices p a i d to fa rmers
• D issemina te ex tens ion mater ia ls f o r d i f f e ren t techno log ies .
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Seed Delivery Systems - Status, Constraints, and
Potential in Eastern and Southern Africa
R B Jones, P Audi, and S N Silim
1
Introduction
I n m u c h o f Eastern and Southern A f r i c a ag r i cu l tu re i s d i v i d e d i n to t w o d is t i nc t sectors; the
sma l l ho l de r sector and the large-scale sector, a l t hough the balance be tween the t w o var ies
s i gn i f i can t l y f rom coun t ry to coun t ry . T h e f o r m a l seed sector deve loped la rge ly i n suppor t
o f large-scale c o m m e r c i a l ag r i cu l tu re , w i t h sma l lho lde r farmers depend ing m o r e o n
i n f o r m a l seed exchange mechan i sms . A f t e r independence, m a n y governments sought to
i m p r o v e access o f sma l lho lders to seed o f m o d e r n var ie t ies. F o r m a l seed compan ies were
es tab l ished, la rge ly as s tate-run enterpr ises, and were responsib le f o r s u p p l y i n g seed to
fa rmers that was subs id ized i n one f o r m o r another. T h e b u l k o f seed supp l ied t h r o u g h such
ar rangements was h y b r i d m a i z e , a l t h o u g h seed o f s m a l l gra ins was also p roduced . T h e
process o f s t ruc tura l ad jus tment has seen the l i be ra l i za t ion o f i npu t and p roduc t marke ts ,
together w i t h the d i ves tmen t by gove rnmen ts o f state-run seed enterpr ises.
Pr i va te seed compan ies r u n a long c o m m e r c i a l l ines have tended to concentrate on
h y b r i d seed p r o d u c t i o n , and on seed o f c rops that can be so ld in large quant i t ies to the
c o m m e r c i a l f a r m i n g sector. T h e r e i s l i t t l e in terest i n m a r k e t i n g seed o f s m a l l gra ins f o r a 
va r ie ty o f reasons. A t pr ices above the oppo r t un i t y cost o f us ing own -saved seed, the
d e m a n d f o r m o d e r n var ie ty seed becomes elast ic s ince f e w fa rmers are w i l l i n g to pay m o r e
than a s m a l l p r e m i u m ove r the cost o f saved seed. Transact ion costs in seed marke ts can be
unusua l l y h i g h f o r bo th buyers and sel lers. Farmers encounter the costs o f acqu i r i ng re l iab le
i n f o r m a t i o n about n e w var ie t ies and they face the r i sk o f b u y i n g inappropr ia te o r p o o r
q u a l i t y seed. Supp l ie rs f i n d i t expens ive to d i scover fa rmers ' preferences and the i r ou t lays
are increased by the i nven to ry , s torage, a n d wastage costs i ncu r red in h a v i n g to p r o v i d e
m u l t i p l e var ie t ies o f seed in sma l l amoun ts a t the r i gh t t i m e ; and ca r ry ing stocks su f f i c ien t to
meet uncer ta in and f l uc tua t i ng d e m a n d ( W i g g i n s and C r o m w e l l 1995) . In recent years, a 
n u m b e r o f p r i va te seed compan ies have emerged spec i f i ca l l y to supp ly the bu rgeon ing r e l i e f
and deve lopmen t marke t , as a resu l t o f d e m a n d f rom bo th governments and N G O s .
T h i s paper synthesises the exper ience f r o m seed research ac t iv i t ies in suppor t o f the
P igeonpea I m p r o v e m e n t Pro jec t f o r Eastern and Southern A f r i c a .
The Nature of Pigeonpea Seed and Seed Quality
A l t h o u g h the f l o r a l b i o l o g y o f p igeonpea favors se l f - po l l i na t i on , natura l ou tc ross ing t o the
ex ten t o f 1 t o 7 0 % has been repo r ted ( B h a t i a e t a l . 1 9 8 1 , S a x e n a e t a l . 1990) . W i t h such h i g h
1. Internat ional Crops Research Inst i tute f o r the S e m i - A r i d Trop ics , PO B o x 39063, N a i r o b i , Kenya
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l eve ls o f ou tc ross ing , i t w o u l d be expec ted that s tandard cu l t i va rs w o u l d become
heterogeneous fo r several impo r t an t ag ronom ic characters i n c l u d i n g disease resistance.
In m i d - 1 9 9 7 , a par t i c ipa to ry research assessment conduc ted by the U n i v e r s i t y o f
N a i r o b i ( L e R o i e t a l . 1997) f o u n d that the i m p r o v e d p igeonpea va r ie ty N P P 6 7 0 , k n o w n
l o c a l l y a s K a t u m a n i P igeonpea, was be ing w i d e l y g r o w n i n M w e a D i v i s i o n o f M b e e r e
d is t r i c t , and had become an impo r tan t source o f cash f o r m a n y househo lds i n Karaba ,
W a c h o r o , and R iakanau sub- locat ions. T h e U n i v e r s i t y o f N a i r o b i tested the va r ie ty o n - f a r m
w i t h one fa rmer i n Wacho ro sub- loca t ion i n 1986. I n 1987 the ex tens ion serv ices i n M w e a
purchased seed f r o m th is fa rmer and so ld i t t o o ther interested fa rmers i n Ka raba , R iakanau ,
and W a c h o r o . Subsequent ly , nei ther the U n i v e r s i t y o f N a i r o b i no r the ex tens ion services
d is t r ibu ted add i t iona l seed. A d i f f u s i o n s tudy was under taken to unders tand h o w th is var ie ty
had spread, and whe ther fa rmers had d i f f i c u l t y i n m a i n t a i n i n g var ie ta l pu r i t y .
N P P 6 7 0 i s a determinate cu l t i va r , deve loped by the U n i v e r s i t y o f N a i r o b i , that matures
in 5 -6 mon ths ( K i m a n i e t a l . 1985, K i m a n i 1991) . T h e p lan t i s eas i ly recogn ized i n the f i e l d
because o f i ts d is t inc t g r o w t h hab i t , and the seeds are easi ly i den t i f i ed because o f the i r large
size and w h i t e co lor . T h e study f o u n d that the var ie ty had been p lan ted by 7 9 % o f fa rmers a t
some t i m e , and was be ing g r o w n b y 6 8 % o f those i n t e r v i ewed i n 1998. I n c o m p a r i s o n , the
mos t c o m m o n l y men t i oned loca l var ie t ies , Githwariga, Kimeru, Kionza, and Mwiyumbi, 
were k n o w n by 4 4 % o r less o f the farmers .
T h e mos t impo r tan t source o f seed f o r b o t h loca l p igeonpea and N P P 6 7 0 was o ther
fa rmers , i n c l u d i n g re la t ives. T h i s source was m o r e impor tan t than marke ts , shops and
ex tens ion c o m b i n e d (Table 1). Farmers w h o ob ta ined seed f rom other fa rmers d i d so m a i n l y
w i t h i n the v i l l age rather than f r o m outs ide. Open-a i r g ra in marke ts we re a m o r e impo r tan t
seed source fo r loca l p igeonpea var iet ies ( 3 4 - 4 7 % ) than N P P 6 7 0 ( 1 3 - 2 2 % ) , bu t re lat ives
were m o r e impor tan t ( 1 7 - 2 9 % ) i n f i r s t - t ime acqu is i t i on o f p igeonpea seed.
T a b l e 1 . Sources o f local a n d N P P 6 7 0 p igeonpea seed.
Local variety NPP 670
Frequency, Frequency, Frequency, Frequency,
first t ime most recent first t ime most recent
Source of seed (%) time (%) ( % ) ( % )
Open air market 60 (34) 61 (47) 19 (13) 12 (22)
Other farmers in vil lage 42 (24) 34 (26) 54 (38) 21 (38)
Other farmers outside vil lage 17 (10) 14(11) 23 (16) 12 (22)
Relatives in vil lage 35 (20) 12 (9) 12 (9) 1 (2)
Relatives outside vil lage 16 (9) 6 (5) 5 (4) 2 (4)
Shops 7 (4) 2 (2) 4 (3) 1 (2)
Extension 0 0 19 (13) 5 (9)
Others 0 2 (2) 6 (4) 1 (2)
Total 177(101) 131(102) 142(100) 55(101)
Percentages do not add to 100 due to rounding-up error
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T a b l e 2 . Q u a l i t y o f N P P 6 7 0 seed obta ined f r o m d i f fe ren t sources.
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T a b l e 3 . Percentage o f f a r m e r s w h o a c q u i r e d local a n d N P P 6 7 0 seed f r o m o ther
f a r m e r s t h r o u g h purchases (as opposed to f ree o r g i f t seed) in K a r a b a , R i a k a n a u , a n d
W a c h o r o , E a s t e r n K e n y a .
Local pigeonpea NPP 670
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Farmers were asked about the qua l i t y o f N P P seed acqu i red f rom the m o s t impo r tan t
sources (Tab le 2 ) . D u r i n g f i r s t t i m e acqu i s i t i on , fa rmers re l i ed on o ther fa rmers m o r e than
the m a r k e t as a source of pure seed. H o w e v e r , w h e n fa rmers acqu i red N P P seed f o r a second
t i m e , there was l i t t l e d i f fe rence in qua l i t y o f seed whe the r i t was acqu i red f rom the marke t o r
f r o m re la t i ves .
A m o n g the p rob lems associated w i t h i n f o r m a l seed d i f f u s i o n mechan i sms , one
f requent ly c i t e d p r o b l e m is i n f e r i o r i t y o f the seed, pa r t i cu la r l y seed qua l i t y . Desp i te the
re la t i ve l y h i g h l eve l o f ou tc ross ing that can occur , seed qua l i t y was no t a m a j o r issue f o r
fa rmers in th is study. Sper l i ng e t a l . ( 1996 ) repor t s im i l a r f i nd ings f o r beans in R w a n d a ,
w h e r e the qua l i t y o f fa rmer seed compared favorab ly w i t h that p roduced under more f o r m a l
reg imes .
Are Farmers Willing to Pay for Seed?
T h e r e is a w i d e l y he ld percep t ion that fa rmers are e i ther u n w i l l i n g or unab le to pay f o r seed.
T h i s i s then used to j u s t i f y the f ree d i s t r i bu t i on o f r e l i e f seed i n t imes o f emergency , and to
des ign seed pro jec ts where fa rmers are no t expec ted to pay the ve ry rea l costs associated
w i t h seed m u l t i p l i c a t i o n . Tab le 3 shows the p r o p o r t i o n o f fa rmers w h o acqu i red l oca l and
N P P 6 7 0 seed f rom other fa rmers t h rough purchases as opposed to f ree o r g i f t seed. D u r i n g
f i r s t t i m e acqu is i t i on , mos t fa rmers acqu i red f ree l oca l p igeonpea seed bu t purchased N P P
seed f r o m o ther fa rmers .
D u r i n g second t i m e acqu is i t i on , purchased seed was as impo r t an t as g i f t seed f o r l oca l
var ie t ies , w h i l s t a lmos t 8 0 % o f fa rmers w h o acqu i red N P P 6 7 0 seed f r o m other fa rmers f o r
a second t i m e , purchased i t . A poss ib le reason w h y the p r o p o r t i o n o f purchasers was h igher
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in N P P 6 7 0 is that th is va r ie t y is perce ived as a cash c rop , sugges t ing that fa rmers m a y be
w i l l i n g to purchase seed w h e n there i s an assured marke t .
In 1997, sma l l seed packs o f several d r y l a n d crops were made ava i lab le f o r sale t h rough
a n e t w o r k o f l oca l s tock is ts i n f o u r d is t r ic ts o f Eastern P rov ince , K e n y a ( O m a n g a e t a l .
1999). A l t h o u g h th is was the f i r s t t i m e that stockists had been approached to sel l seed, the
m a j o r i t y were no t o n l y w i l l i n g to se l l seed, bu t a lso to pay f o r the seed on de l i ve ry , w h i c h
suggests they were con f i den t that there was a ready marke t . W h e n f o l l o w - u p v is i ts we re
made to stockists, most requested more seed to sell. The exercise was repeated in 1999, w i t h
similar results.
T h e results f r o m the N P P 6 7 0 adop t ion study and the m a r k e t i n g o f sma l l seed packs
suggest that d e m a n d f o r seed is h ighe r than supp ly ; and that th is d e f i c i t c o u l d po ten t ia l l y be
m e t by the f o r m a l seed sector. I t i s s imp l i s t i c to conc lude that f a rmers are u n w i l l i n g to pay
f o r seed w h e n they have never had the oppor tun i t y to purchase seed, bu t we shou ld a lso
recognize that the t ype o f c r o p and the ease w i t h w h i c h fa rmers can save the i r o w n seed w i l l
af fect demand . P igeonpea has a re la t i ve ly h i g h seed m u l t i p l i c a t i o n rate, and fa rmers have
l i t t l e d i f f i c u l t y s to r ing the c r o p - b o t h factors are l i k e l y to reduce the d e m a n d f o r purchased
seed. In contrast , Phaseolus beans are be ing supp l ied by c o m m e r c i a l seed compan ies in
K e n y a , p robab ly because beans are p lan ted at a h igher seed rate, a n d the r isk of c rop loss is
h igher i n semi -a r i d d is t r i c ts .
Stimulating Demand for Seed
Farmers are hung ry f o r i n f o r m a t i o n , b u t the techno logy d i ssemina t i on process is f l a w e d .
H o w does i n f o r m a t i o n about m o d e r n var ie ty seed reach farmers? F o r o p t i m u m
per fo rmance , m o d e r n va r ie ty seed o f ten requires the use o f add i t i ona l inputs o r some
m o d i f i e d management p rac t i ce . T h e f o r m a l seed sector has a vested interest in ensur ing that
th is i n f o r m a t i o n reaches fa rmers , b u t the f l o w o f i n f o r m a t i o n in the i n f o r m a l sector i s less
structured. T h e results f r o m the N P P 6 7 0 study f o u n d that 7 5 % o f fa rmers g r o w i n g N P P
6 7 0 , f i rs t learnt about the va r ie ty f r o m seeing i t i n the f i e l d , and the r e m a i n i n g 2 5 % f i r s t
heard about i t (Table 4 ) . A l t h o u g h ex tens ion p layed a ro le in the d issemina t ion o f
i n f o r m a t i o n , by fa r the m o s t i m p o r t a n t m e d i u m was v i sua l observa t ion o f the c rop be ing
Table 4 . Sources o f i n f o r m a t i o n o n N P P 6 7 0 pigeonpea.
Learning method (%)
Source of information Hearing Seeing
Farmer in village 19 (44) 68 (53)
Farmer outside vil lage 3 (7) 43 (34)
Relative in vil lage 0 8 (6)
Relative outside vil lage 0 3 (2)
Extension 21 (49) 6 (5)
Total 43(100) 128(100)
Percentage by learning method 25 75
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g r o w n by other farmers in the v i l l age . Once farmers had been exposed to the c rop , the m a j o r i t y
o f t h e m ( 6 9 % ) started g r o w i n g i t the f o l l o w i n g season. The re was n o assoc ia t ion be tween
h o w fa rmers f i r s t learnt about the c r o p a n d the t i m e taken be fore they f i r s t g r e w i t
themselves ( A u d i e t a l . 1999) . T h e message i s c lear - to create d e m a n d f o r m o d e r n va r ie ty
seed a w e l l o rgan ized m a r k e t i n g c a m p a i g n is needed, to ensure that as m a n y fa rmers as
poss ib le are exposed to the seed. I f f a rmers l i k e the var ie ty , d e m a n d f o r m o r e seed w i l l be
created - w h i c h means that a sys tem is needed to meet the created d e m a n d .
Developing Vertical Linkages
A l t h o u g h resul ts f rom the N P P 6 7 0 a n d s m a l l seed pack studies suggest that there is a 
commerc ia l demand f o r seed, we need to cons ider ways i n w h i c h th is c o u l d be strengthened.
Jones e t a l . (e lsewhere in these p roceed ings ) have descr ibed a process o f t echno logy
exchange based on the deve lopmen t o f s t rategic par tnersh ips. T h i s can as w e l l be app l i ed to
the seed sector.
I n p u t and ou tpu t markets serve fa rmers best w h e n there i s some degree o f ve r t i ca l
coo rd ina t i on a m o n g i npu t d i s t r i bu t i on , ou tpu t m a r k e t i n g , and c red i t f unc t i ons , w h i c h l owers
costs and imp roves l oan repaymen t rates ( K e l l y e t a l . 2000) . I n M o z a m b i q u e the co t t on
sector p rov ides a g o o d e x a m p l e o f th i s , w h i l e i n M a l a w i the tobacco indus t ry i l lus t ra tes the
types of ar rangements that ex is t . P igeonpea , be ing bo th a f o o d and a cash c r o p , presents an
oppo r t un i t y t o deve lop some degree o f ve r t i ca l coo rd ina t i on be tween i n p u t d i s t r i b u t i o n and
output marke t ing . Three p i l o t in i t ia t ives have been undertaken - in M o z a m b i q u e , M a l a w i , and
T a n z a n i a - that w i l l be descr ibed to i l lustrate the type of arrangements that are be ing cons idered .
I n M o z a m b i q u e , TechnoServe i d e n t i f i e d a ma rke t oppor tun i t y i n I n d i a f o r up t o 100,000
t o f p igeonpea p r o v i d e d de l i ver ies are m a d e f rom M a y to Sep. As a resul t o f conso l i da t i on in
the dhal p rocess ing indus t ry in I n d i a , a n u m b e r o f large-scale processors have emerged w h o
are shor t o f p roduc t t o process i n the p e r i o d l ead ing up to the start o f the I n d i a n harvest .
Rather than m a i n t a i n i n g expens ive i nven to r i es , they were i n v i t e d t o M o z a m b i q u e ( w i t h
suppor t f rom TechnoServe) to l o o k a t the po ten t ia l f o r sourc ing p igeonpea f rom several o f
the co t ton compan ies w h o w o r k w i t h n e t w o r k s o f g rowers t h r o u g h a sys tem o f co t ton
concessions con t ro l l ed by the M o z a m b i q u e governmen t . T h e buyers were s h o w n samples o f
several i m p r o v e d shor t -dura t ion p igeonpea var ie t ies deve loped by I C R I S A T , w h i c h had
been tested in M o z a m b i q u e . I C P L 8 7 0 9 1 was selected because i t was s i m i l a r t o the I n d i a n
p roduc t , and c o u l d therefore be eas i ly a c c o m m o d a t e d by the ex i s t i ng process ing equ ipmen t .
As the co t ton compan ies are in a p o s i t i o n to de l i ve r i m p r o v e d seed to the f a rmer n e t w o r k ,
they are n o w tak ing respons ib i l i t y f o r seed p r o d u c t i o n to ensure that qua l i t y seed o f the r igh t
var ie ty i s ava i lab le to fa rmers on t i m e . In th is examp le , there i s a s t rong i ncen t i ve f o r
fa rmers t o purchase seed o f the shor t -du ra t ion var ie ty w h i c h w i l l a l l o w t h e m to bene f i t f r om
the h ighe r pr ices p a i d i n I n d i a f o r p igeonpea de l i ve red be tween M a y and Sep. H o w e v e r ,
there is a poss ib i l i t y that once fa rmers have seed o f th is var ie ty , they w i l l rever t to sav ing
the i r o w n seed. B o t h TechnoServe a n d the co t t on compan ies are aware that i f the qua l i t y o f
the p igeonpea they supp ly dec l ines , they r isk ge t t i ng pa id a l o w e r p r i ce , and l o s i n g the
m a r k e t F o r th is reason, a b rand (Naca la G o l d ) has been deve loped w i t h c lear ly de f i ne d
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qua l i t y standards. Producers that do no t meet these standards w i l l no t be a l l o w e d to marke t
under th is b rand , w h i c h a ims to at t ract a p r i ce p r e m i u m .
M a l a w i has the largest p igeonpea process ing indust ry i n A f r i c a , w i t h an ins ta l led
capac i ty to process app rox ima te l y 20 ,000 t o f dhal per a n n u m f rom 10 m i l l s . T h e
requ i rements o f the M a l a w i i ndus t ry are somewhat d i f fe ren t t o that o f M o z a m b i q u e .
P igeonpea i s g r o w n by sma l lho lde r fa rmers i n the southern r e g i o n . T h e d o m i n a n t p lan t i ng
sys tem is to in te rc rop l ong -du ra t i on var ie t ies w i t h ma ize a t the start o f the ra iny season.
Harves t o f d r y p igeonpea starts i n A u g , a l t hough green p igeonpea , p r i m a r i l y f o r h o m e
c o n s u m p t i o n , i s harvested f r o m Ju l y onwards . M a l a w i a n traders have a sma l l w i n d o w o f
oppo r tun i t y to expor t unprocessed p igeonpea to I n d i a before the p r i ce dec l ines , a f ter w h i c h
the M a l a w i p roduc t i s no longer c o m p e t i t i v e due to h i g h t ranspor t costs. H o w e v e r , the c rop
cont inues to f i n d a marke t as domes t i c processors then s tockp i le the c r o p f o r p rocess ing i n to
dhal ove r the c o m i n g mon ths . M a l a w i a n p igeonpea used to fe tch a p r e m i u m in the Ind ian
marke t because of the b o l d , c ream-co lo red seeds. T h e p roduc t was targeted at a f e w
spec ia l ized processors w h o had the mach ine ry to handle the re la t i ve l y large gra ins . M a l a w i
dhal was also w e l l k n o w n in the d e m a n d i n g European marke t , and was treated as the
benchmark against w h i c h o ther dhals were compared . Because o f d e c l i n i n g qua l i t y
standards, M a l a w i p igeonpea no longer fetches a p r e m i u m , and processors have a lso had to
source increas ing ly large amounts o f the i r c rop f rom M o z a m b i q u e due to p roduc t i on
shor t fa l ls w i t h i n M a l a w i i tse l f . To reverse the dec l ine i n p r o d u c t i o n and qua l i t y , processors
have establ ished the G r a i n L e g u m e D e v e l o p m e n t Assoc ia t i on L i m i t e d ( G L D A L ) .
R e c o g n i z i n g that one m a j o r cause o f l o w g ra in legume p r o d u c t i v i t y i s l ack o f qua l i t y seed,
G L D A L has under taken a p igeonpea seed m u l t i p l i c a t i o n p r o g r a m f o r a w i l t - res is tan t var ie ty
w i t h b o l d , c ream-co lo red seed, w i t h the suppor t and expert ise o f g o v e r n m e n t and I C R I S A T .
T h e M o z a m b i q u e and M a l a w i examples i l lus t ra te h o w c loser ve r t i ca l coo rd ina t i on
between input d i s t r i bu t i on and ou tpu t m a r k e t i n g can s t imula te c o m m e r c i a l i nves tment i n
seed supply . One factor that i s b e c o m i n g increas ing ly apparent in the deve lopmen t o f these
strategic partnerships is the h i g h t ransact ion costs. These are d iscussed by F reeman and
Jones elsewhere in these proceed ings .
Seed Policy
T h r o u g h o u t Eastern and Southern A f r i c a , seed po l i c ies have been deve loped to regulate the
f o r m a l seed sector. These po l i c ies address t w o m a j o r issues; the types o f c r o p var iet ies that
can be g r o w n , and seed qua l i t y . In K e n y a fo r examp le , the Seeds and P lan t Var ie t ies A c t
( L a w s o f K e n y a 1991) states that " a n app l i ca t ion f o r the i nc l us ion o f a p lan t var ie ty in the
appropr ia te sect ion o f the I ndex af ter i t has c o m e in to fo rce shal l be gran ted only . . . " w h e n
the agro-eco log ica l va lue surpasses that o f the ex i s t i ng ones in some aspect acco rd ing to the
resul ts in o f f i c i a l tests."
C o m m e r c i a l c rop p roduc t i on usua l l y consists o f m o n o c r o p p e d areas o f a s ing le c rop
var ie ty . I n m a r k e d contrast , sma l l ho lde r fa rmers tend to g r o w a m i x t u r e o f crops and
var ie t ies . I n three sub- locat ions o f M b e e r e d is t r i c t , m o r e than 20 l oca l p igeonpea landraces
we re i den t i f i ed , and w h e n the m o d e r n var ie ty N P P 6 7 0 was i n t r o d u c e d , i t was added to the
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ex i s t i ng p o r t f o l i o o f var ie t ies g r o w n (Jones e t a l . , these p roceed ings) . I n Sudan , fa rmers
c o u l d name a t least 10 l o c a l s o r g h u m landraces, w i t h m a n y fa rmers p l a n t i n g a l l 10 in the
same f i e l d . E a c h landrace was p lan ted because i t addressed a spec i f i c need such as the
p r o v i s i o n o f sweet stems f o r c h e w i n g ear ly i n the season, o r was k n o w n t o p e r f o r m w e l l
w h e n p lan ted in a spec i f ic ag ro -eco log i ca l n iche in the f a r m . Seed po l i c i es des igned to
ensure that o n l y w e l l adapted and p roduc t i ve var iet ies enter the f o r m a l seed sector, w o r k
against the needs o f sma l l ho lde r fa rmers w h o u t i l i ze var ie ta l m i x t u r e s f o r g o o d reason.
T h e f o r m a l seed sector has been re luc tant to push f o r the release o f m o d e r n var iet ies
because o f the expense i n v o l v e d , and the l ack o f c lear ly de f i ned eva lua t ion c r i te r ia . O n - f a r m
t r ia ls w i t h seven m o d e r n p igeonpea var ie t ies i n three sub- loca t ions o f Eastern P rov ince ,
K e n y a , over the pe r i od 1997-99 f o u n d that fa rmers in each sub - loca t i on ranked the var iet ies
d i f fe ren t l y . T h i s resu l t h i g h l i g h t s the ve ry d i f fe ren t needs o f s m a l l h o l d e r fa rmers , and the
di f f icu l t ies i nvo lved in d iscover ing farmer preferences (see A u d i and Jones, these proceedings) .
Re la ted to f a rmer pre ference i s the issue o f end-user needs. W h e r e an i den t i f i ed marke t
ex is ts , fa rmers need to have the f l e x i b i l i t y to g r o w a var ie ty that i s demanded by the marke t
even i f the agro -eco log ica l va lue does no t surpass that o f an e x i s t i n g var ie ty .
P lant b reed ing i s expens ive . Inc reas ing ly , m o d e r n var ie t ies deve loped in one coun t ry
can be used in count r ies w i t h s i m i l a r agro -eco log ica l zones, and ye t seed po l i c ies d ic tate
that the w h o l e test ing p rocedure needs to be repeated. The re are m o v e s to ha rmon ize seed
l a w s to a v o i d unnecessary repe t i t i on , b u t i n the mean t ime the losers are sma l lho lde r farmers
w h o are den ied access to m o d e r n va r ie ty seed that c o u l d po ten t i a l l y p l ay an impo r tan t ro le
i n the f a r m i n g sys tem.
Seed Production
Three d is t inc t categor ies o f seed are recogn ized , breeder, f o u n d a t i o n (a lso re fer red to as
basic seed), and ce r t i f i ed seed. T h i s paper w i l l a v o i d any l eng thy d iscuss ion on techn ica l
aspects o f seed p r o d u c t i o n . Rather , a t ten t ion w i l l be focused on the necessi ty to c lear ly
de f ine the ro les and respons ib i l i t i es o f d i f fe ren t organ izat ions in the seed p roduc t i on cha in
to ensure the p roduc t i on o f qua l i t y seed.
Breeder and foundation seed
Breeder seed is p roduced in s m a l l quant i t ies under c lose supe rv i s i on , w h i l e ce r t i f i ed seed
p r o d u c t i o n is done on a m u c h m o r e ex tens ive basis under less in tens ive superv is ion .
Founda t i on or basic seed p r o d u c t i o n is an in te rmed ia te step be tween breeder and ce r t i f i ed
seed. Fa i lu re to p roduce q u a l i t y breeder seed w i l l a f fect the subsequent qua l i t y o f
f ounda t i on and ce r t i f i ed seed.
A l l p igeonpea research i n sub-Saharan A f r i c a t o date has been p u b l i c l y f u n d e d th rough
na t iona l ag r i cu l tu ra l research systems, i n c l u d i n g un ivers i t ies . M a n y o f these p rograms have
m a d e use o f ge rmp lasm f r o m I C R I S A T and e lsewhere, and there have been o f f i c i a l releases
o f i m p r o v e d p igeonpea var ie t ies i n a t least f ou r count r ies i n the r e g i o n . A l t h o u g h
cons iderab le progress has been m a d e , there are ser ious de f i c ienc ies in the mechan isms to
ensure the sustainable supp ly o f breeder and founda t i on seed. T w o in i t i a t i ves have been
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started to i m p r o v e the ava i l ab i l i t y o f breeder and f ounda t i on seed that w i l l be descr ibed; one
i n K e n y a and one i n M a l a w i .
T h e K e n y a Seed U n i t was estab l ished under the K e n y a A g r i c u l t u r a l Research Ins t i tu te
( K A R I ) i n 1997 w i t h the p r i m a r y ob jec t i ve o f p r o d u c i n g f o u n d a t i o n seed o f d r y l a n d crops
f o r sale to p r iva te seed f i r m s and deve lopmen t pro jec ts ( O m a n g a 1999). T h e sale o f
founda t ion seed is accompan ied by a documen t f r o m the K e n y a Seed U n i t authent icat ing the
mater ia l be ing supp l ied . T h i s d o c u m e n t needs to be p roduced before the K e n y a Plant Hea l t h
Inspectorate Serv ice ( K E P H I S ) w i l l under take seed ce r t i f i ca t i on . T h e p r i ce o f f ounda t i on
seed has been set to ensure that the un i t w i l l be se l f -susta in ing in the l o n g t e rm . T h e seed un i t
contracts p lan t breeders to p roduce breeder seed, and K E P H I S also charges to under take
seed ce r t i f i ca t ion .
I n M a l a w i , the U n i t e d States A g e n c y fo r In te rna t iona l D e v e l o p m e n t ( U S A I D ) has
funded I C R I S A T to establ ish a r e v o l v i n g f u n d fo r f ounda t i on seed p roduc t i on o f g roundnut
and p igeonpea. T h i s p ro jec t has o n l y been establ ished f o r one year, bu t a l ready s ign i f i can t
quant i t ies o f f ounda t i on seed have been m u l t i p l i e d that can n o w be supp l ied to N G O s and
other part ies interested in unde r tak ing ce r t i f i ed seed m u l t i p l i c a t i o n .
I t i s too ear ly to evaluate the l o n g - t e r m success o f these in i t ia t i ves in i m p r o v i n g the
supp ly o f qua l i t y seed to fa rmers . I t i s c lear that the estab l ishment o f such ins t i tu t ions w i l l
requ i re that the pr ice charged f o r seed ref lects the not i ns ign i f i can t costs that are incur red to
ensure a steady f l o w of qua l i t y breeder and f ounda t i on seed.
Certified seed
Produc t i on o f ce r t i f i ed p igeonpea seed by the f o r m a l seed sector has on l y j us t started in
Eastern and Southern A f r i c a . I n Tanzania , Ro t i an Seed C o m p a n y i s m u l t i p l y i n g I C E A P
0 0 0 4 0 w h i c h w i l l be supp l ied to farmers in Baba t i d is t r ic t . These farmers are be ing
cont rac ted to p roduce g ra in f o r a UK buyer w h o requi res 2 0 0 0 t o f b o l d , c ream-co lo red
gra in . I n K e n y a , Western Seed C o m p a n y i s m u l t i p l y i n g Ka t 60 /8 and I C P L 87091 under
cont rac t to the G T Z - f u n d e d In tegra ted F o o d Secur i ty Pro jec t /Eastern , and fo r sale to
farmers i n sma l l packs. I n 1998 and 1999, K A R I and I C R I S A T marke ted sma l l seed packs
o f p igeonpea and other d r y l a n d c rops to farmers t h rough selected stockists in f o u r d is t r ic ts
o f Eastern Prov ince .
Discussion
T h i s paper has at tempted to argue that the deve lopment of sustainable seed de l i ve ry systems
f o r sma l l grains such as p igeonpea w i l l requ i re m u c h c loser co l l abora t ion between a range
o f partners i n c l u d i n g bo th pub l i c research and the p r i va te sector. T h e m a j o r i t y o f seed
in i t ia t i ves f o r sma l l gra ins in sub-Saharan A f r i c a focus on increas ing seed supply , rather
than on creat ing demand f o r i m p r o v e d seed. So l o n g as there is f u n d i n g f o r such in i t ia t i ves ,
there i s the poss ib i l i t y o f i n t r o d u c i n g seed o f i m p r o v e d var ie t ies, bu t the impac t f r o m such
schemes is re la t i ve ly sma l l because o f the substant ia l costs i n v o l v e d . The re is ev idence that
the in jec t ion o f sma l l amounts o f i m p r o v e d seed can lead to w ide-sca le d i f f us i on t h rough the
i n f o r m a l seed sector. H o w e v e r , because there is a s ign i f i can t degree of outcross ing in
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p igeonpea, i m p r o v e d cu l t i va rs t end to become heterogeneous ove r t i m e , thus l os ing some o f
the i r g o o d at t r ibutes. Fa r greater i m p a c t w i l l be ach ieved i f ve r t i ca l coo rd i na t i on be tween
i n p u t d i s t r i bu t i on and ou tpu t m a r k e t i n g can be ach ieved . In such ar rangements , seed supp ly
respons ib i l i t ies w i l l be taken o v e r by the p r i va te seed sector, based on c lear marke t
incent ives.
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Achieving Impact, through Partnership, in the




Par tnersh ip is a m isunders tood and abused t e rm in ag r i cu l t u ra l deve lopmen t . M a n y
par tnersh ips are no m o r e than "a r ranged mar r iages ' ' that sat is fy d o n o r requ i rements f o r
f u n d i n g . T h i s paper w i l l d i f fe ren t ia te be tween " p a p e r " par tnersh ips and substant ive
par tnersh ips whe re a l l par tners w o r k together to ach ieve a c o m m o n g o a l . T h e concepts o f
s takeholders, ne two rks , and u l t ima te and in te rmed ia te cus tomers w i l l be discussed in
re la t i onsh ip to par tnersh ip .
Par tnersh ip f o r ag r i cu l tu ra l deve lopmen t i s needed f o r the f o l l o w i n g reasons:
• Increases bo th the scale and the scope of ac t iv i t ies
• Increases cost ef fect iveness
• Creates a d e m a n d f o r services
• Increases accoun tab i l i t y
• Ensures a pa thway f r o m deve lopmen t to p r o m o t i o n and e x p l o i t a t i o n of research results
• Increases the l i k e l i h o o d o f i m p a c t i n g on the l i ve l i hoods o f the ru ra l poor .
Inc reas ing ly , donors suppor t i ng agr i cu l tu ra l research are ins is t ing that f u n d e d act iv i t ies
ach ieve s ign i f i can t and cos t -e f fec t ive impac t a t the f a r m l e v e l . T o o o f ten in the past,
research has been car r ied out , ana lyzed , pub l i shed , and d issemina ted to a sma l l audience of
f e l l o w researchers. T h e impac t has been on the co l l ec t i ve research b o d y o f k n o w l e d g e and
no t on p r o d u c t i v i t y gains and p r o f i t a b i l i t y a t f a r m l e v e l .
Elements of Effective Partnership
Ef fec t i ve resea rch -NGO par tnersh ip creates a d e m a n d f o r research serv ices and increases
the accoun tab i l i t y o f b o t h research and deve lopmen t par tners. T h e f o l l o w i n g are requ i red
f o r an e f fec t i ve par tnersh ip :
• C o m m o n goa l
• C o m m o n strategy
• Shared c o m m i t m e n t
• Recogn ized comp lemen ta r i t y
• Transparency.
1. Regional Agr icu l tu ra l Adv isor , Cathol ic Re l ie f Services, PO B o x 49675, N a i r o b i , Kenya
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Common goal
T h e goa l , shared by research and N G O partners, shou ld be the f o l l o w i n g : Achieving a 
significant, sustainable, and equitable impact on the livelihoods of people living in extreme 
poverty.
T h i s i s an accepted goa l o f Ca tho l i c R e l i e f Services and o f m o s t N G O s . Increas ing ly , i t
i s the goa l o f donor agencies, regardless o f whe ther i t i s research o r deve lopmen t be ing
funded . In fact , i t i s the stated goa l in a recent ca l l f o r p ro jec t proposals f r o m the Depar tment
f o r In te rna t iona l Deve lopmen t , UK ( D F I D 2000) . A n d m o r e recent ly , i t has become a stated
goa l o f m a n y nat iona l and in te rna t iona l research ins t i tu t ions . F o r examp le , I C R I S A T states
that the release of 22 so rghum and 11 pear l m i l l e t var iet ies in the past 10 years is not
su f f i c ien t - there mus t be i m p a c t on reduc ing hunger and c rea t ing an econom ic surplus
( I C R I S A T 1997).
I m p l i c i t in a shared goa l is concur rence that "peop le l i v i n g in ex t reme p o v e r t y " are the
u l t ima te benef ic iar ies served by the par tnersh ip .
Common strategy
T h e c o m m o n strategy needs to be based on the acceptance that i m p a c t i n g on l i v e l i h o o d
secur i ty is c o m p l e x and that a mu l t i - i ns t i t u t i ona l approach is needed. There are t w o
impor tan t parts o f th is acceptance: ( i ) recogn i t i on that an independent strategy is
inadequate, ( i i ) r ecogn i t i on that other ins t i tu t ions are needed to c o m p l e m e n t one 's o w n
act iv i t ies . N G O s , espec ia l ly w e l l - f u n d e d ones, are o f ten comp lacen t . A recent ar t ic le by
W h i t e and E icher (1999) was d i rec ted a t th is complacency .
• T h e expans ion o f N G O act iv i t ies in A f r i c a ' s ag r i cu l tu ra l deve lopmen t has not been
based on so l i d and impa r t i a l ev idence o f the i r pe r fo rmance . . .
• N G O s have m o v e d far beyond the i r t rad i t i ona l ro le as pu rveyo rs o f disaster r e l i e f . . .
• A g r o w i n g number of commenta to rs have po in ted out a w i d e range of constraints to
N G O per fo rmance and have ra ised the poss ib i l i t y that N G O s m a y in fact be less
equ ipped to handle some o f the c o m p l e x tasks o f ag r i cu l tu ra l d e v e l o p m e n t . . .
T h e c o m m e n t tha t the t r a d i t i o n a l r o l e o f N G O s i s a s " p u r v e y o r s o f d isas te r r e l i e f "
i s i n t e r e s t i n g . T h o u g h t r u e f o r C R S , i t i s c e r t a i n l y n o t the case f o r t he vas t m a j o r i t y o f
N G O s w o r k i n g i n A f r i c a . C R S i s a c t i v e l y engaged i n b o t h a g r i c u l t u r a l r e c o v e r y a n d
a g r i c u l t u r a l d e v e l o p m e n t . R a t h e r t h a n c r i t i c i z i n g N G O s f o r t r a n s i t i o n i n g f r o m r e l i e f t o
d e v e l o p m e n t , i t w o u l d b e be t te r t o e n c o u r a g e research i n s t i t u t i o n s t o b e c o m e m o r e
a c t i v e i n ass i s t i ng c o m m u n i t i e s r e c o v e r f r o m d isas te rs , b o t h n a t u r a l a n d c i v i l .
( F o r e x a m p l e , I C R I S A T i s c o l l a b o r a t i n g w i t h C R S and O D I o n a seed a i d a n d seed
s e c u r i t y s tudy i n n o r t h e r n U g a n d a a n d sou the rn Sudan . ) T h o u g h the s ta tements o f
W h i t e a n d E i c h e r are pe rhaps e x c e s s i v e l y p r o v o c a t i v e , i t i s essen t ia l f o r N G O s t o
r e a l i z e tha t t hey are n o t e q u i p p e d t o h a n d l e a l l o f t he c o m p l e x tasks i n agr icu l tu ra l
recovery and deve lopment .
A g r i c u l t u r a l research ins t i tu t ions need to also real ize that they too are not equ ipped to
handle a l l tasks. T h e W o r l d B a n k is f i na l l y abandon ing the T r a i n i n g & V i s i t system o f
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agr i cu l tu ra l ex tens ion i n A f r i c a , f a rmer adop t ion o f n e w techno log ies has been
d i sappo in t i ng i n A f r i c a , and d o n o r suppor t t o b o t h the In te rna t i ona l A g r i c u l t u r a l Research
Centers ( I A R C s ) and the na t i ona l ag r i cu l tu ra l research systems ( N A R S ) f o r on-s ta t ion
research cont inues to dec l i ne . T h e fac t i s that the 22 s o r g h u m and 11 m i l l e t var iet ies
deve loped by I C R I S A T and re leased i n Eastern and Sou thern A f r i c a have no t been adopted
by m a n y farmers and there has been no s ign i f i can t impac t on r educ i ng hunger and increasing
incomes . Par tnersh ip comes f r o m a perce ived need and the b e l i e f that another can f i l l that
need. N G O s , I A R C s , and N A R S need each other to ach ieve a s ign i f i can t , sustainable and
equ i tab le impac t o n f a r m f a m i l i e s l i v i n g i n pover ty .
Shared commitment
U S A I D (1995) def ines a par tner as an "o rgan iza t i on o r cus tomer representat ive w i t h w h i c h /
w h o m U S A I D co l laborates t o ach ieve m u t u a l l y agreed ob jec t i ves a n d t o secure cus tomer
pa r t i c i pa t i on . " As d e f i n e d by U S A I D , par tnersh ip i s m o r e than a b i la te ra l re la t ionsh ip . I t
encompasses the concept o f " s takeho lde rs . " U S A I D def ines s takeholders as "par t ies whose
suppor t o r acquiescence i s necessary to achieve goa l s . " An e f fec t i ve par tnersh ip i s m o r e
substant ive than a n e t w o r k or s takeholder consu l ta t ion . An e f fec t i ve par tnersh ip is the result
o f a shared c o m m i t m e n t be tween i nd i v i dua l s and be tween ins t i tu t ions . W i t h i n par tner
ins t i tu t ions , d i f f e ren t i n d i v i d u a l s p lay d i f fe ren t ro les .
Responsibility. T h e f o u n d a t i o n of a par tnersh ip is an equa l shar ing of respons ib i l i t ies
be tween i nd i v i dua l s represent ing the i r ins t i tu t ions . Respons ib i l i t i es shou ld be i nc luded in
respect ive terms o f re ference and the pe r fo rmance o f the par tnersh ip shou ld be par t o f the
eva luat ions o f the i n d i v i d u a l s respons ib le f o r the par tnersh ip .
Authority. T h e suppor t o f P r o g r a m and Execu t i ve D i rec to rs o f b o t h ins t i tu t ions i s essential
to an e f fec t ive and durab le par tnersh ip . W i t h o u t th is suppor t , a par tnersh ip w i l l tend to focus
m o r e on sa t i s fy ing a d o n o r requ i remen t than on ach iev ing a shared g o a l . Partnerships based
o n exped iency a lways f a i l .
Support and consultation. A par tnersh ip requires consu l ta t ion w i t h and the suppor t of staf f
o f b o t h organizat ions. Par tnersh ips re f lec t the c o m p l e x i t y o f a c h i e v i n g a shared goa l . I f a 
par tnersh ip is based on a pe rcep t ion of the need and a r e c o g n i t i o n that another can
c o m p l e m e n t one's o w n st rengths, then th is requi res b road i ns t i t u t i ona l suppor t .
T h i s requi res that a l l i ns t i t u t i ona l s takeholders are i n v o l v e d in the process and in the
par tnersh ip . Partners shou ld be i n v o l v e d in each o ther 's strategic p l ann ing . F o r examp le , the
founda t i on o f the C R S - I C R I S A T par tnersh ip o n ch i ckpea p r o m o t i o n was I C R I S A T ' s
par t i c ipa t ion in the CRS/Tanzan ia strategic p l a n n i n g process.
Communication. T h e best i n d i c a t i o n o f a " p a p e r " par tnersh ip is l a c k o f k n o w l e d g e o f the
re levant ac t iv i t ies o f the o ther partner. There mus t a con t i nuous process o f consu l t i ng and
i n f o r m i n g . In add i t i on to in t ra -par tnersh ip c o m m u n i c a t i o n , the par tnersh ip shou ld also be
pub l i c i zed so that i t i s r ecogn i zed and unders tood b o t h ins ide and outs ide the concerned
inst i tu t ions.
150
Capacity and funding complementarity
B o t h I C R I S A T and Ca tho l i c R e l i e f Services focus on the f a r m i n g systems o f the semi -a r id
t rop ics in A f r i c a . C R S is an in tegra l par t o f a large and e f fec t i ve agr i cu l tu ra l re l i e f and
deve lopment n e t w o r k w o r k i n g i n 3 3 count r ies i n sub-Saharan A f r i c a . C R S a lways w o r k s
th rough loca l i m p l e m e n t i n g partners in assist ing the m o s t vu lnerab le commun i t i es to
a l lev ia te pove r t y and ach ieve soc ia l j us t i ce . I C R I S A T suppor ts ag r i cu l tu ra l deve lopment
w i t h know ledge , sk i l l s , and techno log ies w i t h the ob jec t ives o f i m p r o v i n g c rop p roduc t i v i t y
and f o o d secur i ty and reduc ing pover ty . I C R I S A T f o r m s par tnersh ips w i t h government ,
N G O , and pr iva te sector o rgan iza t ions .
W h e n a research i ns t i t u t i on partners w i t h an N G O , i t m u s t recogn ize that the N G O ,
w o r k i n g th rough l oca l N G O s and c o m m u n i t y - b a s e d g roups , can e f fec t i ve ly increase the
geographic scope and scale o f a p ro jec t . W h e n an N G O partners w i t h a research ins t i t u t i on ,
i t mus t recogn ize that research has the capac i ty and n e t w o r k in deve lop ing and adapt ing
technologies fo r sma l lho lde r fa rmers . W i t h comp lemen ta ry sk i l l s , bo th partners par t ic ipate
in the test ing and exchange o f techno log ies w i t h pa r t i c ipa t i ng fa rmers and commun i t i es .
In add i t i on to comp lemen ta r y capaci t ies, research inst i tu tes and N G O s o f ten tap
d i f fe rent donor bases. Par tnerships can attract f u n d i n g in three w a y s :
• Greater use o f sub-grants to f u n d adapt ive research ac t iv i t ies in an N G O pro jec t o r f u n d
outreach/extens ion ac t iv i t ies in a research pro jec t
• Deve lopmen t o f j o i n t proposals
• Leve rag ing of d i f fe ren t d o n o r sources.
Importance of transparency
Partnership is a f l e x i b l e process and not a stat ic p roduc t . A par tnersh ip evo lves w i t h t i m e ,
changes in personnel and leadersh ip , and a change in b o t h deve lopment needs and
oppor tun i t ies . T h i s requi res t ransparency to ma in ta i n t rust and con f idence .
Recommendations for Building a Sustainable Partnership
T h e recent par tnersh ip exper ience between I C R I S A T / N a i r o b i and CRS/East A f r i c a has
resul ted i n fou r recommenda t ions :
1. Be pat ient - b u i l d con f i dence gradua l l y
A par tnersh ip mus t be b u i l t s l o w l y and inc rementa l l y . T h e i n i t i a l mi lestones need to be
real ist ic.
2 . Invest t ime and m o n e y up f ron t
I t is unreal is t ic and even unw ise to beg in a par tnersh ip w i t h ex terna l funds . Rather,
invest o w n resources i n i t i a l l y .
3 . Be f l ex ib l e and w i l l i n g t o c o m p r o m i s e
W o r k i n g in par tnersh ip i s a lways m o r e cha l l eng ing than w o r k i n g a lone. Pr ior i t ies are
never synchronous .
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4 . Do no t assume the par tner w i l l ca r ry ou t ce r ta in tasks
T h e p a r t n e r s h i p s h o u l d n e v e r b e t a k e n f o r g r a n t e d . E v e n w i t h s o l i d i n s t i t u t i o n a l
support beh ind a par tnersh ip , i ts susta inabi l i ty remains the respons ib i l i t y o f i nd i v i dua l s .
Outcomes of a Successful Partnership
T h e I C R I S A T / N a i r o b i a n d CRS/Eas t A f r i c a par tnersh ip i s 2 years o l d . I t has a l ready
resu l ted i n the f o l l o w i n g ou tcomes .
Chickpea promotion on black cotton soils in East Africa
C R S opened a f i e l d o f f i ce i n the L a k e Z o n e o f no r the rn Tanzan ia i n 1997. D u r i n g
p r e l i m i n a r y ag r i cu l t u ra l assessments, C R S learned that ch i ckpea had po ten t ia l as a cash
c r o p and that I C R I S A T had co l labora ted w i t h the Tanzan ia A g r i c u l t u r a l Research
Organ isa t ion i n c a r r y i n g ou t ch i ckpea var ie ty t r ia ls . W i t h o u t an i den t i f i ed c l i en t f o r the
ch i ckpea research, there was no f o l l o w up u n t i l C R S - I C R I S A T par tnersh ip deve loped a 
j o i n t strategy to p r o m o t e ch i ckpea as a marke t -o r ien ted c rop f o r food- insecure f a r m fam i l i es
in M w a n z a and Sh inyanga d is t r ic ts . On-s ta t ion t r ia ls have n o w resumed and on - f a rm w o r k i s
p lanned fo r 2 0 0 1 .
Strengthening seed systems for agricultural recovery
C R S carr ies ou t "seeds a n d t o o l s " p rograms f o r ag r i cu l t u ra l recovery th roughou t East
A f r i c a . CRS/Eas t A f r i c a subm i t t ed a p roposa l t o U S A I D / O f f i c e o f Fo re ign Disaster
A d m i n i s t r a t i o n to assess cur ren t seed a id ac t i v i t ies i n the r e g i o n . C R S i nv i t ed I C R I S A T /
N a i r o b i and the Overseas D e v e l o p m e n t Ins t i tu te ( O D I ) t o par tner i n the p roposa l ; and
I C R I S A T even tua l l y became the lead agency i n the p ro jec t , w h i c h was f u n d e d i n late 1998.
T h i s pa r tne rsh ip i s c o n t r i b u t i n g to an unde rs tand ing o f seed systems and seed a id i n
Eastern and Sou the rn A f r i c a , and pa r t i cu la r l y the past and po ten t i a l ro les o f C R S and
I C R I S A T . I n the fu tu re , the par tnersh ip w i l l be m o r e p roac t i ve i n i n te rven ing ear l ier i n the
disaster c y c l e and e m p l o y i n g better diagnost ic tools to assess the p rob lem and determine
recovery st rategies.
Development of an East Africa grain legume strategy
Pr io r t o the par tnersh ip w i t h I C R I S A T , CRS/Eas t A f r i c a re l i ed on loca l c o m m u n i t i e s and
i m p l e m e n t i n g par tners t o de te rm ine the focus o f i ts ag r i cu l t u ra l deve lopmen t pro jects . T h e
resu l t i ng pro jec ts tended to f ocus on e n v i r o n m e n t a l sus ta inab i l i t y and subsistence c rops .
W i t h o u t a ma rke t app roach , m o s t C R S act iv i t ies f a i l e d to ach ieve s ign i f i can t impac t . T h e
deve lopmen t o f a R e g i o n a l G r a i n L e g u m e Strategy, w i t h suppor t f r o m I C R I S A T , has l ed
C R S to adopt a m a r k e t approach and to focus on h i g h va lue g ra in legumes such as
p igeonpea, ch i ckpea , g roundnu t , and cowpea .
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Integrated watershed approach
C R S has a l o n g h is to ry o f food-ass is ted susta inable ag r i cu l tu re deve lopment . As one o f the
largest U S A I D / F o o d f o r Peace Coopera t i ng Sponsors , C R S uses f o o d a id as a resource f o r
agr i cu l tu ra l recovery and deve lopmen t i n F o o d f o r W o r k pro jec ts . C R S cur ren t l y p rograms
f o o d a id i n to watershed deve lopmen t i n E t h i o p i a , K e n y a , U g a n d a , and Rwanda . G i v e n the
c o m p l e x i t y o f a watershed, w i t h d i f fe ren t landscape un i ts r e q u i r i n g d i f fe ren t in te rven t ions ,
and the impor tance o f measur ing impac t , C R S and I C R I S A T - E t h i o p i a have begun
co l labora t ing on a j o i n t p ro jec t i n the A m h a r a reg ion o f E th i op ia . I f the results are pos i t i ve ,
C R S intends t o request I C R I S A T assistance i n watershed p l a n n i n g i n K e n y a , R w a n d a , and
Tanzan ia as w e l l .
Pigeonpea crop protection
Pigeonpea is suscept ib le to a range of insect pests, and w i t h o u t e f fec t ive pest management ,
y ie lds are d i sappo in t i ng . C R S and I C R I S A T agree that a l o n g - t e r m c rop p ro tec t ion strategy
must c o m b i n e on-s ta t ion research w i t h f a rmer -managed research and in tens ive fa rmer
t ra in ing i n pest m o n i t o r i n g and in safe and e f fec t i ve use o f insect ic ides. D F I D recognizes
that bo th research and p r o m o t i o n are needed in o rde r to increase the incomes o f poo r
fa rmers ; and has expressed an interest in f u n d i n g a C R S - I C R I S A T - N R I par tnersh ip in
p igeonpea c rop p ro tec t i on i n K e n y a and Tanzan ia .
Sesame promotion
W i t h a focus on the sem i -a r i d t rop ics and w i t h a ma rke t app roach , C R S i den t i f i ed sesame as
a po ten t ia l cash c r o p in eastern and western K e n y a , sou thern Sudan , nor thern Tanzan ia , and
nor thern Uganda . Fa rmers in these f o u r count r ies cu r ren t l y cu l t i va te sesame p r i m a r i l y as a 
f o o d c rop , us ing t rad i t i ona l var ie t ies. C u r r e n d y sesame research and deve lopmen t i s
m o r i b u n d i n Eastern A f r i c a , w i t h 5 0 0 0 accessions res id i ng i n the K e n y a genebank. T h o u g h
sesame is not one o f i ts mandate c rops, I C R I S A T has agreed to suppor t C R S by re juvena t ing
and eva lua t ing the mater ia ls in the genebank and i d e n t i f y i n g h igh -qua l i t y , h i g h - y i e l d i n g
sesame var iet ies.
Conclusion
T h o u g h no t yet 2 years o l d , the C R S - I C R I S A T par tnersh ip in Eastern A f r i c a i s p r o m i s i n g .
Th i s par tnersh ip emerged f r o m a m u t u a l rea l i za t ion that ag r i cu l tu ra l deve lopmen t is
c o m p l e x ; and that no one o rgan iza t ion a lone can ach ieve s ign i f i can t , susta inable, and
equi tab le impac t on the l i ve l i hoods o f the r u ra l poor . I t m u s t be emphas ized that e f fec t ive
par tnersh ip is a lso c o m p l e x . Successfu l and susta inable par tnersh ip requi res p l ann ing and
management . I t requ i res a shared g o a l , s t rong suppor t o f management , c lear ly ar t icu la ted
ob jec t ives , c o m m i t m e n t o f staff, con t inuous m o n i t o r i n g , and per iod ic eva lua t ion .
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Discussions - Technology Exchange
Farmer-participatory research
M a n y ear l ie r techno log ies have rema ined on the she l f because they were deve loped w i t h o u t
fa rmer pa r t i c i pa t i on . Some scient ists f e l t fa rmers we re ignoran t , and d i d not cons ider the i r
needs and p r i o r i t i es in the techno logy deve lopmen t process. In fac t , farmers have a c lear
idea o f w h a t they w a n t , and techno log ies that do n o t address these needs have l i t t l e chance
o f be ing adopted . Fa rmer -pa r t i c ipa to ry research approaches are gradua l ly b e c o m i n g m o r e
w i d e l y used, and th is m u s t con t inue .
T w o factors mus t be cons idered in such research - " h i d d e n " o r " u n f e l t " needs, and
w r o n g percept ions . Farmers m a y not be aware o f a p r o b l e m because i ts effects are d ispersed
or occur ve ry s l o w l y ; o r the i r v i e w s on a n e w techno logy m a y be in f l uenced by w r o n g
percept ions and l ack o f i n f o r m a t i o n . These p r o b l e m s can be addressed by researchers
w o r k i n g c lose ly w i t h fa rmers .
Sustainability of NGO operations
I n m a n y cases, N G O s have p r o v i d e d f ree seed, g r a i n , o r o ther fac i l i t i es t h rough disaster
re l i e f p rog rams . M a n y o f these p rog rams have tended t o become ins t i tu t iona l i zed , w i t h
in te rven t ions in m o s t seasons. As a resu l t , l o ca l c o m m u n i t i e s th roughou t Eastern and
Southern A f r i c a are b e c o m i n g dependent on ex te rna l assistance. Such hand-outs are no t
sustainable, and s l o w d o w n - rather than accelerate - deve lopment . Rather, the goal shou ld
be deve lopmen t o f the p r i va te sector, i.e. encou rag ing fa rmers to purchase inputs rather than
depend ing on f ree assistance.
H a v i n g sa id th is , i t mus t be noted that r e l i e f p rog rams are genera l ly l e d by governments ,
not N G O s - governments are equa l l y to b lame f o r encourag ing commun i t i e s to become
donor -dependent . A n o t h e r fac to r i s that governments are s i m p l y no t ac t ive in areas o f c i v i l
disaster, whe re the needs m a y be the mos t urgent (e .g . d u r i n g 15 years o f c i v i l w a r in
Uganda) . In these c i rcumstances N G O s are the o n l y organizat ions able and w i l l i n g to
p rov i de assistance.
Partnerships and comparative advantages
Partners m u s t be selected after cons ide r ing compa ra t i ve advantages. Fo r examp le , N A R S
m a y have techn ica l sk i l l s bu t no funds , w h i l e I C R I S A T and some N G O s can access funds
f o r p rog rams w i t h a c lear p lan o f w o r k and g o o d synerg ies. Some N G O s such as Ca tho l i c
R e l i e f Serv ices and W o r l d V i s i o n have t ra ined agr icu l tu r i s ts on the i r staff, and are able to
p lan and i m p l e m e n t techn ica l ly sound p rog rams . TechnoServe has un ique exper t ise in
business deve lopmen t , w h i c h can c o m p l e m e n t o ther o rgan iza t ions ' sk i l l s i n i ns t i t u t i on -
b u i l d i n g a t grassroots l eve l . T h u s , a n u m b e r o f o rgan iza t ions are ava i lab le , and interested in
p igeonpea deve lopmen t , w i t h comp lemen ta r y sk i l l s . We mus t be care fu l i n se lect ing
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Introduction
U n c o n f i r m e d repor ts i nd ica te that K e n y a n - g r o w n green peas ( i m m a t u r e p igeonpea and
garden pea seeds) are m o r e suscept ib le to w i l t i n g , i .e. loss o f mo is tu re d u r i n g storage. T h e
des iccat ion w h i c h resu l ts f r o m mo is tu re loss adverse ly af fects the appearance, t ex tu re ,
f lavor , and sa leab i l i t y o f p roduce . M o i s t u r e loss a lso leads to r educ t i on i n nu t r i t i ona l q u a l i t y
( W i l l s e t a l . 1981) . D i f f e r e n t genotypes o f var ious vegetables have been s h o w n to d i f f e r i n
the rate o f de te r io ra t i on as a resul t o f w i l t i n g ( K a y s 1991) .
One w a y o f r e d u c i n g mo is tu re loss i n p roduce i s by p rope r h a n d l i n g , f o r examp le s to r ing
and t ranspor t ing t h e m in l ow- tempera tu re cond i t i ons . In some vegetables such as o k r a , snap
beans, and garden peas, l ow- tempera tu re storage has been used to increase she l f l i f e . T h i s is
because m o s t me tabo l i c react ions are s l owed d o w n a t l o w temperatures, a l l o w i n g p roduce
to r ema in i n stable c o n d i t i o n f o r a l o n g t i m e ( K a y s 1 9 9 1 , W i l l s e t a l . 1981).
Genotypes d i f f e r in p h y s i o l o g i c a l character is t ics such as c e l l turgor , resp i ra t ion , so lub le
sugar content , and the leve ls o f a m i n o acids and organ ic ac ids (Phan e t a l . 1973) . Ja in e t a l .
( 1980 ) , w o r k i n g on b o t h shor t - and m e d i u m - d u r a t i o n vegetab le- type p igeonpea, s h o w e d
di f fe rences in sugar and starch content . Sugar con ten t va r i ed f r o m 10.7 to 1 4 . 8 % in shor t -
du ra t i on types, and f rom 7.3 to 1 2 . 9 % in m e d i u m - d u r a t i o n types. W h a t i s no t k n o w n i s
whe the r these d i f fe rences cause var ia t ions in she l f l i f e o f vegetab le p igeonpea. Ehear t
( 1970 ) s h o w e d tha t the re ten t ion o f ascorb ic ac id , ac id i t y , and c h l o r o p h y l l depended u p o n
the genotype o f b r o c c o l i . T h i s has no t been s h o w n in vegetab le p igeonpea.
Reduced ascorb ic a c i d o r ascorbic ac id i s one o f the m o r e i m p o r t a n t nut r ients supp l i ed
by some f resh f ru i t s and vegetables. I t i s one o f the m o s t sens i t i ve to des t ruc t ion w h e n the
c o m m o d i t y i s sub jec ted to adverse hand l i ng and storage c o n d i t i o n s ( K a y s 1991) and i s
c o m m o n l y used as a measure o f de te r io ra t ion o f p roduce . L o s s o f ascorb ic ac id i n peas and
beans m a y be re tarded by s to r ing these vegetables in the p o d . She l led l i m a beans lose
ascorb ic ac id a t t w i c e the rate o f unshe l led beans a t the same temperature (He inze 1974) .
There is a g r o w i n g expo r t ma rke t f o r green p igeonpea . Expo r te r s are keen to have h i g h -
y i e l d i n g var ie t ies w i t h acceptable ma rke t t ra i ts . I n a d d i t i o n , they are l o o k i n g f o r var ie t ies
w i t h l o n g she l f l i f e o r cond i t i ons that w o u l d a l l o w f o r l o n g she l f l i f e . T h e ove ra l l ob jec t i ve
o f th is s tudy was there fore to de te rm ine the storage s tab i l i t y o f p igeonpea pods and green
peas under d i f f e ren t storage cond i t i ons . T h e spec i f i c ob jec t i ve was to de te rm ine the ef fect
o f geno type , s torage tempera tu re , du ra t i on o f s torage, and she l l i ng on reduced ascorb ic
1 . Department o f Food Technology and Nut r i t ion , Univers i ty o f Na i rob i , PO B o x 9053, Na i rob i , Kenya
2. Internat ional Crops Research Inst i tute f o r the S e m i - A r i d Trop ics , PO B o x 39063, Na i rob i , K e n y a
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a c i d , T o t a l S o l u b l e So l i ds ( T S S ) , To ta l T i t ra tab le A c i d i t y ( T T A ) , and mo i s tu re con ten t o f
vegetab le p igeonpea.
Materials and Methods
E i g h t genotypes i d e n t i f i e d by I C R I S A T as su i tab le f o r g ra in o r vegetab le use we re g r o w n a t
the Kabe te H e l d S ta t ion o f the U n i v e r s i t y o f N a i r o b i t o de te rm ine the e f fec t o f geno type ,
storage tempera tu re , s h e l l i n g , a n d storage d u r a t i o n on the qua l i t y o f vegetab le p igeonpea i n
storage. T h e genotypes we re I C P L s 8 7 0 9 1 , 9 0 0 2 9 , 93015 , 9 3 0 2 0 , 9 3 0 2 7 , 9 3 0 4 7 , 9 3 0 6 4 ,
and I C P 7035 .
T h e genotypes w e r e g r o w n us ing n o r m a l cu l tu ra l pract ices as desc r ibed by van der
Maesen ( 1 9 8 0 ) on p lo t s measu r i ng 6 x 6 m. Trea tments were ar ranged in a co mp le te l y
r a n d o m i z e d b l o c k des ign , rep l i ca ted f o u r t imes . T w o to three seeds we re p laced pe r ho le a t
a spac ing o f 3 0 c m a n d c o v e r e d w i t h s o i l . T h e p lo ts we re kep t weed- f ree b y manua l
w e e d i n g . A t the start o f f l o w e r i n g , the c r o p was sprayed w i t h R o g o r L 4 0 (Japan) a t 0.7 L 
ha - 1 t o c o n t r o l p o d - s u c k i n g bugs , p o d f l y , and p o d - b o r i n g larvae. No fe r t i l i ze r was app l i ed .
G reen pods bea r i ng f u l l y deve loped seeds ob ta ined 25 days and 30 days af ter f l o w e r i n g
were used. A ba tch o f 1 kg was taken f r o m each genotype . H a l f o f th is ( 5 0 0 g ) was she l led
by hand . She l l ed and unshe l led peas w e r e packaged i n per fo ra ted po l y t hene bags ( m i c r o -
evaporator , gauge 150, K e n p o l y ) a n d each set was d i v i d e d i n t o t w o g roups . O n e g r o u p was
stored a t r o o m tempera ture ( 2 1 ± 3 ° C ) and the second g roup a t 4 ± 1 ° C ( re f r ige ra to r ) f o r e i ther
2 or 4 days . A sample of f resh peas (be fo re storage) was used as a c o n t r o l . T h e t reatment
c o m b i n a t i o n s w e r e there fo re as f o l l o w s :
1 . F resh peas, be fo re storage ( con t r o l )
2 . She l l ed and s tored f o r 2 days a t r o o m temperature
3 . U n s h e l l e d and s tored f o r 2 days a t r o o m temperature
4 . She l led and s tored f o r 2 days in the re f r ige ra to r
5 . U n s h e l l e d and s tored f o r 2 days in the re f r igera to r
6 . She l led and s tored f o r 4 days a t r o o m tempera ture
7. Unshe l l ed a n d s tored f o r 4 days a t r o o m temperature
8. She l led and stored f o r 4 days in the re f r i ge ra to r
9 . Unshe l l ed a n d s tored f o r 4 days in the re f r ige ra to r
M o i s t u r e conten t , ascorb ic a c i d , T S S , and T T A o f the peas we re de te rm ined as
descr ibed b e l o w , a t the e n d o f t he storage p e r i o d .
Determination of variables
Moisture content. M o i s t u r e con ten t was d e t e r m i n e d o n l y a t da y 4 o f s torage, u s i n g A O A C
methods ( A O A C 1984) . A samp le o f peas w e i g h i n g 100 g was o v e n d r i e d a t 6 0 ° C f o r 24 h ,
d r i e d f u r t he r a t 105°C f o r 1 h , a n d then w e i g h e d . T h e mo is tu re con ten t was ca lcu la ted as the
loss in mass , expressed as a percentage o f i n i t i a l mass.
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Total Soluble Solids. T S S ( ° B r i x ) was de te rm ined by c rush ing a f e w peas (about 2 g) us ing
a mor ta r and pest le. A l i t t l e j u i c e was squeezed o n t o the glass of a hand re f rac tometer
( A b b e - t y p e , Japan) ( A O A C 1984) and measurements recorded .
Reduced ascorbic acid (Vitamin C). Reduced ascorb ic ac id was de te rmined by the m e t h o d
o f Baraka t e t a l . ( 1 9 5 5 ) . A samp le o f peas w e i g h i n g 2 g was b lended w i t h 10 mL o f 2 0 %
tr ich loroacet ic ac id so lu t i on to homogene i ty . T h e s lu r ry was t i t ra ted w i t h a standard so lu t i on
o f N - b r o m o s u c c i n i m i d e and the reduced ascorb ic ac id ca lcu la ted f r o m the f o r m u l a :
Reduced ascorbic ac id ( m g / 1 0 0 g ) = V * C * 1 7 6 / 1 7 8 ,
whe re V = v o l u m e of N - b r o m o s u c c i n i m i d e , C = concen t ra t ion of N - b r o m o s u c c i n i m i d e .
Total Turntable Acidity. T T A was de te rm ined by A O A C (1984 ) methods . A sample of 2 g 
o f peas was crushed co mp le te l y to a s lu r ry us ing a m o r t a r and pest le. In a 3 0 0 mL con ica l
f l ask , 10 mL o f ca rbon d i o x i d e f ree wate r was added t o the s lur ry . T h e m i x t u r e was then
t i t ra ted w i t h a s tandard so lu t i on o f 0.1 N N a O H . T T A was ca lcu la ted as g r a m s / k i l o g r a m
equ iva len t o f m a l i c ac id ( the p redominan t o rgan ic ac id i n p igeonpea) us ing the f o r m u l a :
T T A (g / kg ) = A m o u n t o f 0 .1 N N a O H * m a l i c a c i d equ i va len t
Data analysis
D a t a were ana lyzed us ing Genstat stat is t ical so f tware . T rea tmen t means were separated
us ing L S D procedure a t P ≤ 0 .05. Resul ts f r o m peas harvested 25 and 30 days a f ter
f l o w e r i n g were s imi la r . Hence , o n l y resul ts f rom the la t ter g r o u p are presented.
Results
Reduced ascorbic acid (Vitamin C)
Reduced ascorbic ac id d i f f e red a m o n g genotypes a t d i f f e ren t storage temperatures, whe the r
shel led or unshe l led , a t a l l storage dura t ions (Tab le 1). R o o m temperature storage o f peas
led to h i g h losses o f reduced ascorb ic ac id i n a l l genotypes. Losses were l o w e r i n
re f r igera ted peas, and l o w e r s t i l l w h e n peas we re s tored unshe l led . There was no loss in
reduced ascorbic ac id i n unshe l led peas o f three genotypes ( I C P L s 9 3 0 2 0 , 9 3 0 6 4 , 93047 )
w h e n stored f o r 2 days. Peas o f f i v e genotypes - I C P L s 9 3 0 2 0 , 9 3 0 1 5 , 9 3 0 6 4 , 9 3 0 2 7 , and
93047 - whe ther she l led or unshe l led , s h o w e d a h i g h decrease in reduced ascorb ic ac id
under r o o m temperature storage. Unshe l l ed peas o f I C P 7035 showed the least loss o f
reduced ascorbic ac id upon r o o m temperature s torage.
Total Soluble Solids (TSS)
T S S f o r vegetable p igeonpea d i f f e red s i gn i f i can t l y a m o n g genotypes a t d i f fe ren t storage
temperatures whe the r she l led or unshe l led (Tab le 1). T S S decreased under a l l storage
cond i t i ons f o r a l l genotypes. Re f r ige ra ted peas s h o w e d a h ighe r T S S compared to shel f -
s tored peas. Unshe l l ed re f r igera ted peas s h o w e d the h ighes t T S S , especia l ly u p o n storage
f o r 4 days. U n d e r r o o m temperature storage, T S S increased in a l l genotypes u p o n storage
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f o r 4 c o m p a r e d to 2 days in unshe l led peas. H o w e v e r , T S S decreased in I C P L s 8 7 0 9 1 ,
9 0 0 2 9 , 9 3 0 2 7 and I C P 7035 d u r i n g she l f s torage.
Total Titratable Acidity (TTA)
T T A f o r vegetab le p igeonpea d i f f e red s i gn i f i can t l y a m o n g genotypes a t d i f f e ren t s torage
temperatures whe the r she l led o r unshe l led (Tab le 2 ) . The re we re la rge ly no p r o n o u n c e d
di f fe rences in T T A be tween she l f -s tored and re f r igera ted peas. H o w e v e r , mere was a 
decrease i n T T A i n I C P L s 8 7 0 9 1 , 9 3 0 2 0 , 9 3 0 1 5 , a n d 9 3 0 4 7 , w h e n unshe l l ed ; and i n she l led
re f r ige ra ted I C P L 87091 stored f o r 4 c o m p a r e d to 2 days. T T A in the o ther genotypes was
no t s i gn i f i can t l y a f fec ted by she l l i ng o r du ra t i on o f storage.
Moisture content
M o i s t u r e con ten t d i f f e red a m o n g genotypes a t d i f fe ren t storage temperatures, whe the r
she l led o r unshe l l ed (Tab le 2 ) . I C P L 87091 d i d no t d i f f e r i n mo is tu re con ten t under the
d i f fe ren t t reatments compa red to the con t ro l ( f resh peas), i nd i ca t i ng that the va r i e t y stores
w e l l . Severa l var ie t ies s h o w e d poo r storage q u a l i t y ; f o r examp le I C P 7 0 3 5 , I C P L 9 3 0 1 5 ,
and I C P L 9 3 0 2 0 (whe the r she l led o r unshe l led) lost mo is tu re under she l f storage. H o w e v e r ,
she l led re f r i ge ra ted peas genera l ly had s im i l a r mo is tu re content as f resh peas, i n d i c a t i n g
that f o r m o s t genotypes, the best w a y to leng then she l f l i f e i s to re f r igera te .
Discussion
Fresh p roduce i s s tored f o r fu tu re use o r t o a l l o w t ranspor ta t ion ove r l o n g distances. T h e
qua l i t y o f the p roduce i s no t supposed to change apprec iab ly d u r i n g storage. O v e r t i m e i n
storage, howeve r , reduced ascorb ic ac id ( v i t a m i n C) and sugars get dep le ted and the
fun c t i o na l p roper t ies o f p ro te ins m a y be af fected ( K a y s 1991) . T h e ea t ing qua l i t y m a y a lso
change apprec iab ly .
Reduced ascorb ic ac id i s one o f the nut r ients that i s mos t l ab i l e to p rocess ing and
h a n d l i n g o f f resh p roduce . I t i s therefore used as an i ndex o f des t ruc t ion o f o ther nut r ien ts
( K a y s 1 9 9 1 , W i l l s e t a l . 1981) . H i g h e r ascorb ic ac id losses occur red f o l l o w i n g she l f storage
(21±3°C) than i n the re f r igera to r ( 4±1°C) i n th is study. T h e losses we re h ighe r i n she l led
than i n unshe l led peas. M i n i m u m ascorb ic ac id losses we re observed i n unshe l led
re f r igera ted pods. She l l i ng a l l o w s f o r h ighe r gaseous exchange in the peas and there fore
accelerates o x i d a t i v e react ions and loss o f reduced ascorb ic ac id (Bender 1994) . In th is
study, the genotypes were s h o w n to d i f f e r in the i r reduced ascorb ic ac id content , as repor ted
e lsewhere (Ja in e t a l . 1980) f o r o ther vegetables. T h i s shows that ascorb ic ac id con ten t i s
geno typ i ca l l y dependent .
T S S o f vegetab le p igeonpea decreased i n storage. T h e decrease was m o r e d ramat i c
w h e n the peas we re she l led and stored a t r o o m tempera ture . H i g h temperatures accelerate
react ions such as b r e a k d o w n o f sugars to release energy ( W i l l s e t a l . 1 9 8 1 , K a y s 1991) .
Such losses in sugar quan t i t y (and hence l o w e r e d T S S ) c o u l d have occur red m o r e a t h i ghe r
storage temperatures than under re f r i ge ra t i on . She l l i ng m a y a l l o w f o r easy exchange o f
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gases be tween the ins ide o f the peas and the ou ts ide e n v i r o n m e n t , acce lera t ing processes
such as resp i ra t ion - hence a h i g h b r e a k d o w n of sugars l ead ing to a decrease in T S S . A l l
genotypes in th is s tudy s h o w e d increase in T S S af ter 4 days compa red to 2 days o f unshe l led
r o o m temperature storage. H o w e v e r , under re f r i ge ra t i on , o n l y genotypes I C P L s 9 0 0 2 9 ,
9 3 0 1 5 , and 93047 showed s i m i l a r responses, i n d i c a t i n g that they store poo r l y . T h i s suggests
that the response o f T S S in s torage i s g e n o t y p i c a l l y dependent .
L o w temperature storage o f she l led garden peas has been s h o w n to lead to a dec l i ne in
ac id i t y (He inze 1974) . In s torage, there i s c o m p e t i t i o n be tween anabo l ic and ca tabo l i c
react ions. Probab ly , the ca tabo l i c reac t ions are faster than the anabo l ic react ions o f the a c i d
in the peas, l ead ing to the dec l i ne i n ac id i ty . These observat ions m a y e x p l a i n the resul ts o f
th is s tudy where re f r igera ted storage f o r 4 days l e d to a dec l ine in ac id i t y in some genotypes.
She l l i ng before storage accelerated the dec l ine . T h i s c o u l d have been due to the easy
exchange o f o x y g e n and o ther gases that speed up var ious catabo l ic react ions such as
resp i ra t ion , the m a i n pa th o f b r e a k d o w n o f ac ids . A t h i g h temperatures, o x i d a t i v e react ions
are ac t iva ted and nut r ien ts such as so lub le sugars are b roken d o w n to release energy, and
hence get dep le ted faster than the ac ids, l ead ing to a l o w sugar :ac id ra t i o (Denn i s 1981) .
H i g h temperatures i n storage increase the rate o f mo is tu re loss f r o m stored p roduce .
M o i s t u r e loss is fastest in l ea fy vegetables and sma l l seeds w h i c h have a h i g h sur face area/
v o l u m e ra t io ( K a y s 1991) . M o i s t u r e loss i s a lso accelerated by h i g h temperatures. L o w
temperature storage w o u l d there fore reduce t ransp i ra t ion and mo is tu re loss in f resh p roduce
( K a y s 1 9 9 1 , W i l l s e t a l . 1981) . I n th is s tudy, l o w mo is tu re content under r o o m temperature
storage was observed i n I C P L s 9 3 0 1 5 , 9 3 0 2 0 , 9 0 0 2 9 and I C P 7035 (a l l she l led) , a n d I C P L s
9 3 0 4 7 , 93027 , 9 3 0 6 4 , 9 3 0 1 5 , 9 3 0 2 0 and I C P 7035 (unshe l led) .
Conclusions
Storage o f vegetable p igeonpea af ter she l l i ng and a t h i g h temperature accelerates qua l i t y
losses, i.e. decrease i n reduced ascorb ic a c i d , T S S , and increase i n T T A . Nu t r i en ts
decreased s ign i f i can t l y a t r o o m temperature b u t r ema ined re la t i ve l y constant under
re f r i ge ra t i on . Storage i n pods ex tends she l f l i f e , pa r t i cu la r l y under l o w temperature . T h e
resul ts o f th is study suggest that vegetab le p igeonpea keeps w e l l w h e n s tored e i ther under
l o w temperature o r as pods . T h i s he lps to m a i n t a i n b o t h nu t r i t i ona l and organo lept ic qua l i t y .
T h e studies fu r ther show that response to storage cond i t i ons i s g e n o t y p i c a l l y dependent . I t
is , however , impo r tan t to ba lance the g o o d k e e p i n g qua l i t y o f unshe l led peas against the
h igher storage costs - she l l i ng cons iderab ly reduces b u l k and there fore storage costs. No
w o n d e r then , mos t g ra in vegetables the w o r l d over , w i l l be s tored she l led .
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Introduction
Severa l p igeonpea cu l t i va rs have been deve loped th rough co l labora t i ve e f fo r ts by the
K e n y a A g r i c u l t u r a l Research Ins t i tu te , the U n i v e r s i t y o f N a i r o b i , and I C R I S A T . W h i l e these
cu l t i va rs possess a n u m b e r o f t ra i ts acceptable to farmers and the marke t , they m u s t be
assessed f o r a l l aspects o f consumer needs.
C o o k i n g t r ia ls were car r ied o u t i n the Depa r tmen t o f F o o d Techno logy and N u t r i t i o n o f
the U n i v e r s i t y o f N a i r o b i t o c o m p a r e the acceptab i l i t y , cookab i l i t y , and nu t r i en t con ten t o f
f o u r p igeonpea var iet ies ( I C E A P 0 0 0 4 0 , K a t 6 0 / 8 , I C P 6927 , I C E A P 0 0 5 4 0 ) , w i t h a v i e w t o
i d e n t i f y i n g an o p t i m a l cu l t i va r f o r end-user needs.
D r y matu re seeds o f the f o u r cu l t i va rs we re eva luated f o r process ing and ea t ing qua l i t y .
Process ing qua l i t y was eva luated i n te rms o f c o o k a b i l i t y and soak ing p roper t ies ; a n d ea t ing
qua l i t y i n te rms o f nu t r i t i ona l va lue , sensory at t r ibutes, and consumer acceptab i l i ty . S o a k i n g
t imes and the ef fect o f soak ing on c o o k i n g t i m e were compared . C rude p ro te i n a n d a m i n o
acids were de te rm ined i n b o t h r a w and c o o k e d produc ts i n order t o quan t i f y nu t r i t i ona l
changes caused by the c o o k i n g process. T h e c o o k e d p roduc t was eva lua ted f o r sensory
q u a l i t y and acceptab i l i t y by an un t ra ined pane l .
Materials and Methods
T h e p igeonpea var iet ies used i n th is eva lua t i on i nc l uded i m p r o v e d A f r i c a n l ines ( I C E A P
0 0 0 4 0 , I C E A P 00540 ) , a n i m p r o v e d K e n y a n l i ne ( K a t 60 /8 ) , and a n exo t i c Car ibbean l i n e
( I C P 6 9 2 7 ) . Seeds were ob ta ined f rom the D e p t o f C r o p Science a t the U n i v e r s i t y o f
N a i r o b i , packed in po l ye thy lene bags. These had been stored a t temperatures o f 2 0 - 2 5 ° C .
R a w seeds were sorted and c leaned , then soaked f o r 17 hours , and f i n a l l y b o i l e d f o r 35
m inu tes . T h e exper imenta l des ign used i s s h o w n i n F i g 1 .
T h e p r o x i m a t e c o m p o s i t i o n o f raw, soaked (17 h a t 25°C) , and c o o k e d p igeonpea was
ana lyzed us ing standard A O A C methods ( A O A C 1984) . P r io r t o analys is , r a w samples (d ry
ma tu re seeds) were sun-dr ied in an a i r o v e n at 700 C f o r 12 h, and then g r o u n d us ing a 
h a m m e r m i l l .
A m i n o acids i n the r a w and c o o k e d samples were detected qua l i t a t i ve l y u s i n g T h i n
L a y e r Chromatography .
1 . Department o f Food Technology and Nu t r i t i on , Un ivers i ty o f Na i rob i , PO B o x 29053, N a i r o b i , Kenya
2 . Department o f Crop Science, Univers i ty o f N a i r o b i , PO B o x 29053, Na i rob i , Kenya
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T h e c o o k a b i l i t y o f d r y m a t u r e p igeonpea and pre-soaked (17 h ) p igeonpea was
de te rm ined subject ive ly . T h i s was d o n e by b o i l i n g a 5 0 - g sample o f p igeonpea that had been
sor ted and c leaned. C o o k a b i l i t y was d e t e r m i n e d b y :
• Press ing the seed be tween the t h u m b and i ndex f inger . T h e p igeonpeas we re cons idered
c o o k e d a t the po in t they m a s h .
• C u t t i n g the seeds us ing the inc i so rs a n d g r i n d i n g us ing the mo la r s . T h e m o u t h f e e l and
ease o f c h e w i n g were used to de te rm ine whe the r the seeds we re c o o k e d .
Samples f o r sensory eva lua t i on w e r e p repared as f o l l o w s . Pigeonpeas w e r e b o i l e d un t i l
c o o k e d . T h e c o o k i n g end p o i n t was d e t e r m i n e d sub jec t i ve ly as descr ibed above . T h e b o i l e d
samples we re then f r i e d in 20 g o f ma rga r i ne f o r 2 m i n . T h e c o o k e d samples we re ana lyzed
f o r co lo r , taste, tex tu re , and o v e r a l l acceptance. A 7 -po in t hedon ic scale was used f o r
sco r i ng : 7 = L i k e ve ry m u c h , 6 = L i k e , 5 = L i k e s l i gh t l y , 4 = N e i t h e r l i k e no r d i s l i k e , 3 = 
D i s l i k e s l i gh t l y , 2 = D i s l i k e , 1 = D i s l i k e v e r y m u c h .
S o a k i n g was eva luated at three temperatures - 30 , 4 0 , and 60° C - w h i c h were
ma in ta i ned us ing the rmos ta t i ca l l y c o n t r o l l e d wate r baths. W e i g h e d samples we re p laced i n
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F i g u r e 1 . E x p e r i m e n t a l design.
R a w p igeonpea
Sor t i ng a n d c lean ing
S o a k i n g (17 hours )
B o i l i n g (35 m i n )
Ana lys i s
- P rox ima te analys is
- Spec i f i c v o l u m e
- Sensory eva lua t ion
Ana lys i s
- I m b i b i t i o n
- Spec i f i c v o l u m e
- P rox ima te analys is
Ana l ys i s
- C o o k a b i l i t y
- P rox ima te analys is
- A m i n o ac ids
6 0 0 m L glass beakers con ta i n i ng water . T h e wate r was made u p t o the 5 0 0 m L m a r k b y
add i t i on o f wa te r a t the same tempera ture . T h e soak ing process w a s s tud ied by ob ta in ing the
d ra ined w e i g h t and spec i f i c v o l u m e ( c m 3 / 1 0 0 g d r y so l ids ) eve ry hour .
T h e d ra ined w e i g h t was ob ta ined by d ra i n i ng the wa te r f rom the p igeonpea samples
every hour. These were p laced on s tandard 1000 μm sieves and d r a i n e d f o r 2 m i n . Seeds
were then p laced i n t o the so lu t i on and the v o l u m e made u p t o 5 0 0 m L us ing tap water a t the
f i x e d temperature .
T h e spec i f ic v o l u m e (cm 3 /100 g d r y so l ids) was ob ta ined by the d isp lacement m e t h o d ,
us ing a 1000 mL v o l u m e t r i c c y l i n d e r f i l l e d w i t h water. T h e change i n v o l u m e was recorded.
Spec i f i c v o l u m e was measured eve ry hour .
Results and Discussion
Soak ing reduced c o o k i n g t i m e by as m u c h as 7 0 % . T h e rate o f wa te r up take increased w i t h
the temperature o f the soak ing water. W i t h c rude p ro te i n measu r i ng above 2 0 % , a l l f ou r
p igeonpea var ie t ies are g o o d sources o f p ro te i n . B o t h soak ing a n d c o o k i n g reduced the
crude p ro te in . Fur ther , c o o k i n g des t royed some o f the a m i n o ac ids , thus reduc ing the
b i o l o g i c a l va lue o f the p ro te i n .
I t i s impor tan t to note that a l l the at t r ibutes s tud ied we re c lear l y cu l t i va r -spec i f i c and that
the panel ists vo ted I C E A P 0 0 0 4 0 as the mos t acceptable cu l t i va r u s i n g taste o n l y as the mos t
impo r t an t sensory a t t r ibu te i n the i r eva lua t i on .
Proximate composition
In a l l cu l t i va rs , d r y w e i g h t m o r e than d o u b l e d due to wa te r absorp t ion , l ead ing to a 
s ign i f i can t increase i n d ra ined w e i g h t o n c o o k i n g . I C P 6 9 2 7 h a d the m a x i m u m i m b i b i t i o n
on soak ing f o r 17 h at r o o m tempera ture . Process ing resu l ted in a loss in c rude p ro te in , ash,
and so lub le carbohydrates. Loss i n c rude p ro te in ranged f r om 1.2% i n I C P 6927 t o 5 . 4 % i n
I C E A P 0 0 5 4 0 (Table 1). On average, 3 . 8 % o f the c rude p ro te in was los t on process ing,
2 . 5 % was lost d u r i n g the soak ing stage, and 1.3% was los t on c o o k i n g . T h e loss in c rude
p ro te in m a y be due t o l each ing o f n i t r ogen -con ta in ing substances and M a i l l a r d react ions on
c o o k i n g . T h e increase in f i b re and c rude p ro te in con ten t i s m a i n l y due to a decrease in
p ro te i n , ash, and so lub le carbohydra tes , w h i c h increases the p r o p o r t i o n o f c rude f i b re and
fa t i n the d ry mat te r content .
Amino acid composition
M e t h i o n i n e , pheny la lan ine , and i so leuc ine a m i n o acids we re no t detected (Tables 2 and 3) .
I C E A P 0 0 0 4 0 was the mos t de f i c i en t i n the essent ial a m i n o ac ids, b e i n g de f i c ien t i n l ys ine
and leuc ine in add i t i on to the above - i t conta ins o n l y 3 o u t o f the 9 a m i n o acids tested. On
process ing , a loss in leuc ine was observed in a l l cu l t i va rs . O t h e r losses detected seemed to
b e cu l t i va r -spec i f i c : l y s i ne i n I C E A P 0 0 5 4 0 , t r yp tophan i n I C E A P 0 0 0 4 0 , ty ros ine i n K a t




Pigeonpea i s s tored as d r y ma tu re seed. T h i s makes soak ing an essent ial par t o f p rocess ing .
Soak ing has m a n y advantages i n c l u d i n g :
• I m p r o v i n g d iges t i b i l i t y o f the p r o d u c t by b l o c k i n g the act ive sites o f protease i nh i b i t o r s
and leach ing ou t t r yps in fac to rs , thus i n h i b i t i n g the ac t i v i t y o f an t inu t r ien t fac tors
( E r p e n y o n g and Brochers 1986)
• A so f ten ing ef fect w h i c h reduces c o o k i n g t i m e by r e m o v i n g t rapped gases f rom
in ters t i t ia l t issues o f d r y l egumes ( S e f a - D e d e h and Stanley 1984, K o n 1979)
• A i d i n g in the c lean ing opera t ion
• Increas ing mo is tu re con ten t and hence wate r ac t iv i ty , w h i c h is necessary f o r
ge rm ina t i on and fe rmen ta t i on processes.
Water p i c k u p curves we re ob ta ined to fac i l i t a te the study o f the soak ing process. T h e
absorp t ion curves were ob ta ined i n t e rms o f d ra ined w e i g h t and spec i f i c v o l u m e 1 . T h e
extent and rate o f water i m b i b i t i o n depended on the cu l t i va r and the tempera ture o f the soak
water. T h e t i m e needed to absorb the m a x i m u m wate r i s s h o w n in Tab le 4 f o r the cu l t i va rs a t
d i f fe ren t soak water temperatures.
A n increase i n temperature l e d t o a r e d u c t i o n i n soak ing t ime . A n increase i n soak wa te r
temperature f r o m 3 0 ° C t o 4 0 ° C and 6 0 ° C reduced soak ing t i m e t o m a x i m u m i m b i b i t i o n b y
3 0 % and 7 0 % , respect ive ly . T h i s r e d u c t i o n i s exp la ined by the r e m o v a l o f t rapped gases
(n i t rogen , o x y g e n , carbon d i o x i d e ) f r o m in te rs t i t i a l tissues o f the seeds. T h i s e f f ec t i ve l y
reduces resistance to mass transfer. H o w e v e r , h igh- tempera tu re soak ing also causes losses
in nu t r ien t content . A study on the e f fec t o f soak ing temperature on c o o k i n g and n u t r i t i o n a l
qua l i t y o f beans ( K o n 1979) f o u n d tha t nu t r i t i ona l losses were m i n i m a l a t a soak ing
temperature o f 4 0 ° C , bu t increased by up t o f o u r - f o l d w h e n the temperature was ra ised t o
6 0 ° C and above. N u t r i e n t losses we re n o t s i gn i f i can t be tween 2 5 - 4 0 ° C bu t we re s ign i f i can t
a t 6 0 ° C .
T h e m a x i m u m i m b i b i t i o n cor responds t o the m a x i m u m dra ined w e i g h t o f the sample.
T h e m a x i m u m i m b i b i t i o n measured on d r y w e i g h t basis seems t o va ry w i t h the cu l t i va r
used. I C E A P 0 0 0 4 0 gave the h ighest d r a i n e d w e i g h t w h e n soaked a t 4 0 ° C and 6 0 ° C .
Spec i f i c v o l u m e is i m p o r t a n t espec ia l l y w h e r e the p roduc t i s to be canned. Spec i f i c
v o l u m e increases w i t h an increase in d ra ined w e i g h t , and increases by as m u c h as 1 0 0 % in
the soak ing process. T h i s parameter i s i m p o r t a n t i n de te rm in i ng the f i l l w e i g h t o f the can .
Cookability
C o o k a b i l i t y o f the r a w seeds was d e f i n e d as the t i m e taken f o r c lean d r y p igeonpeas to c o o k
w i t h o u t p r i o r soak ing . W i t h o u t s o a k i n g , abou t 2 h are requ i red f o r p igeonpea to c o o k :
rang ing f rom 2 h 22 m i n f o r I C E A P 0 0 0 4 0 to 1 h 50 m i n f o r I C P 6 9 2 7 . W h e n soaked f o r 17
h , the p igeonpeas were c o o k e d i n 3 5 m i n . S o a k i n g thus reduced the c o o k i n g t i m e b y 8 0 % ,
i m p l y i n g large savings in energy c o n s u m p t i o n . T h i s no t on l y saves cost , bu t a lso imp roves
1. Deta i led data not shown due to space l im i ta t ions . Contac t authors fo r mo te in fo rmat ion .
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q u a l i t y due to reduced an t inu t r ien t con ten t . T h e soak ing process reduces c o o k i n g t ime i n
t w o w a y s : so f ten ing o f the t issues, w h i c h renders t h e m easier t o c o o k ; and reduc ing
in te rs t i t i a l gases and thus inc reas ing the heat t ransfer coe f f i c ien t o f the p igeonpeas.
Sensory evaluation
Genera l l y , a l l the at t r ibutes tested scored above 4 on a 1-7 scale, i .e. N e i t h e r l i k e no r d i s l i ke .
T h e resul ts ind ica te that taste was the m o s t impo r t an t se lect ion c r i t e r i on f o r the consumer .
T h e taste o f I C E A P 0 0 0 4 0 w a s the m o s t p re fe r red , w h i l e I C P 6927 scored the h ighest o n
ove ra l l acceptance (Tab le 5 ) .
Conclusions
A w i d e range o f p igeonpea cu l t i va rs i s ava i lab le . W h i l e m a n y m a y possess va luab le
a g r o n o m i c a n d o ther character is t ics , they m u s t be assessed f o r consumer acceptance.
Consumers i n th i s s tudy selected I C E A P 0 0 0 4 0 m a i n l y us ing taste c r i te r ia . S ince consumer
pre ference i s i n f l uenced m o s t l y by ea t i ng qua l i t y , i t i s impo r t an t f o r breeders t o w o r k c lose ly
w i t h f o o d techno log is ts , w h o unders tand the n u t r i t i o n a l needs and sensory expecta t ions o f
the consumer . T h i s w i l l h e l p i d e n t i f y cu l t i va rs that c o m b i n e g o o d y i e l d , ag ronom ic and
s i m i l a r character is t ics w i t h n u t r i t i o n a l q u a l i t y and consumer preferences.
T a b l e 5 . Sensory scores f o r cooked p igeonpea seeds.

















Scores on a 1-7 scale where 1 = Dislike very much, 4 = Neither like nor dislike, 7 = like very much
T a b l e 4 . M a x i m u m i m b i b i t i o n ( g o f w a t e r p e r 100 g d r y seeds) a n d the t i m e a t w h i c h
this i s o b t a i n e d , f o r var ious cu l t ivars a t d i f fe rent soaking w a t e r t empera tu res .
Cultivar 30°C 40°C 60°C
















% dwb = grams of water per 100 g of solids
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Introduction
Pigeonpea has great po ten t i a l as a f o o d secur i ty and i ncome-gene ra t i ng c rop , espec ia l ly in
nor thern U g a n d a . A n es t ima ted 22 ,000 tons are p roduced f r o m 6 3 , 0 0 0 h a i n these re la t i ve ly
d r y areas, a lmos t en t i re l y by smal l -sca le subsistence fa rmers ( N a l y a n g o and E m e e t a i - A r e k e
1987). T h e p r e d o m i n a n t var ie t ies are m e d i u m - and l o n g - d u r a t i o n cu l t i va rs that o f ten take
m o r e than 6 and 9 m o n t h s respect ive ly to ma tu re and thereaf ter can be ra tooned. In the
recent past, however , e l i te shor t - and m e d i u m - d u r a t i o n var ie t ies have been in t roduced f rom
I C R I S A T . O f these, K a t 6 0 / 8 , I C P L 8 7 0 9 1 , I C P 6 9 2 7 , and I C E A P 00068 have been
released.
P igeonpea p r o d u c t i o n and subsequent pos t -p roduc t i on systems face several constra ints
i n c l u d i n g p o o r seed qua l i t y , l ack o f genet ic i m p r o v e m e n t , p o o r ag ronomic pract ices,
diseases, f i e l d a n d storage insect pests, l o w u t i l i z a t i o n , a n d p o o r process ing techniques
( S i l i m - N a h d y e t a l . 1991) . A m o n g the insect pests, there are species that feed on f l o w e r s ,
pods , and seeds. P o d and seed feeders cause h i g h damage leve ls s ince bo th f i e l d and storage
in fes ta t ion occur . In U g a n d a , the adzuk i bean w e e v i l , Callosobruchus chinensis L . that
begins i ts in fes ta t ion in the f i e l d and cont inues d u r i n g storage, is cons idered the mos t serious
pest o f p igeonpea.
In f i e l d i n fes ta t i on , adu l t fema le b ruch ids lay eggs on ma tu re p igeonpea pods and the
larvae bo re i n t o seeds u p o n ha tch ing . Pods that are deh isced or damaged by the A m e r i c a n
b o l l w o r m Helicoverpa armigera are m o r e suscept ib le to C. chinensis in fes ta t ion and th is
leads to r a p i d p o p u l a t i o n b u i l d - u p . Non -deh i sced d ry pods are no t eas i ly in fes ted. T h e l eve l
o f f i e l d in fes ta t ion i s a lso de te rm ined by p o d ha i r densi ty . F e w e r eggs are l a i d on pods that
are m o r e ha i ry , and subsequent in fes ta t ion b u i l d - u p i s l o w e r ( S i l i m - N a h d y 1995) .
Pre-harvest i n fes ta t ion by b ruch ids m a y o f t en cause o n l y l i m i t e d damage, bu t has
ser ious i m p l i c a t i o n s on storage du ra t i on . T h i s i s because the insects m u l t i p l y ve ry rap id l y
w i t h i n a shor t t i m e once t rans fer red to storage, and th is resul ts in h i g h damage leve ls . U n d e r
poo r storage sani tary cond i t i ons , cross in fes ta t ion a lso occurs , w i t h larvae m o v i n g on to
un in fes ted pods . H e a v y losses occur w i t h i n 4 -8 weeks o f storage (Tay lo r 1 9 8 1 , D o b i e
1981) .
To quan t i f y the e c o n o m i c impor tance o f b ruch ids on p igeonpea , i t i s impera t i ve that a 
re l iab le loss assessment techn ique is establ ished to de te rm ine the po in ts , leve ls , and t i m e
series o f losses. T h i s w i l l h e l p no t o n l y i n t a k i n g ra t i ona l dec is ions on pest management
Integrated Management of Postharvest Pests
of Pigeonpea: Status and Potential
M Silim-Nahdy and J A Agona
1
opt ions b u t a lso i n d e t e r m i n i n g w h a t l e v e l o f i n t e r ven t i on i s needed, and h o w t o a l locate
l i m i t e d resources t o the deve lopmen t o f pest c o n t r o l t oo l s .
Management of Bruchids on Pigeonpea
Pigeonpea storage o v e r l o n g per iods i s l i m i t e d due to b r u c h i d in fes ta t ion that resul ts i n
heavy losses a t smal l -sca le subsistence f a r m i n g leve ls . To a v o i d excessive losses, m o s t
farmers are fo rced to se l l o f f surp lus g ra in i m m e d i a t e l y af ter harvest , w h e n pr ices are l owes t
( S i l i m - N a h d y 1995). A l t h o u g h i t i s genera l ly k n o w n that in fes ta t ion starts i n the f i e l d , there
i s l i t t l e i n f o r m a t i o n on f i e l d management me thods , apart f r o m the recommendat ions o f ear ly
harvest and i n te r c ropp ing to reduce subsequent storage in fes ta t ion (van H u i s 1991) .
S i l i m - N a h d y (1995 ) observed reduced f i e l d b r u c h i d l o a d i n storage w h e n C y p e r m e t h r i n 5 %
E C was app l ied rou t i ne l y t o c o n t r o l p o d borers and suckers i n the f i e l d . A l o c i ( 2000 )
screened several botan ica ls i n c l u d i n g synthet ic insec t ic ides to c o n t r o l f i e l d in fes ta t ion and
noted m a r k e d reduc t ions o f b r u c h i d loads i n some o f the t reatments (Tab le 1).
A l t h o u g h var ious pest management methods are ava i l ab le , they are o n l y targeted a t
reduc ing and/or c o n t r o l l i n g losses due to b ruch ids d u r i n g storage. We repor t here on w o r k
that inc ludes f i e l d and storage con t ro l .
Cultural/traditional control methods
A f e w cu l tu ra l pract ices have been observed to reduce b r u c h i d damage in storage. These
inc lude t i m e l y harvest (Paddock and Re inha rd 1919) , c rop hyg iene ( D e L i m a 1973) , a n d
maize/bean i n te r c ropp ing . Spec i f i c methods f o r p igeonpea i nc lude p o d storage and sp l i t t i ng
o f seeds p r i o r to storage ( S i l i m - N a h d y 1995) .
Physical control methods
Phys ica l c o n t r o l methods ava i lab le i nc lude those techno log ies that can cause 1 0 0 %
mor ta l i t y to a l l stages o f the pest. These i nc l ude so la r i za t ion (so lar heat ing) and hermet ic
storage ( K i t c h e t a l . 1992, A g o n a and S i l i m - N a h d y 1998) . I n U g a n d a , S i l i m - N a h d y (1995)
observed that the t rad i t i ona l sealed storage s t ructure (tua) was a ve ry e f fec t i ve m e t h o d of
e l i m i n a t i n g C. chinensis popu la t ions on p igeonpea. O t h e r use fu l phys i ca l methods inc lude
iner t dusts such as benton i te , l i m e , c lays , and ash ( M a c e l j s k i e t a l . 1970, Wegmann 1983) .
Pest management using botanicals
T h e m e t h o d i nvo l ves the use p lan t mater ia ls ( leaves, f r u i t , ba rk , f r u i t kerne ls , and o i l
extracts) that are app l ied as admix tu res in the cor rec t p ropo r t i ons to con t ro l b r u c h i d
in fes ta t ion . T h e e f f i cacy o f botan ica ls , howeve r , var ies depend ing on w h i c h part o f the p lan t
is used, pest species, dosage rates, and storage d u r a t i o n . S i l i m - N a h d y (1995) screened
several p l an t mater ia ls and observed that Tephros ia and f i re -cured tobacco were the m o s t
e f fec t ive (Tab le 2 ) . Resul ts o f an o n - f a r m t r i a l conduc ted i n L i r a , U g a n d a s t rong ly suggest
the super io r i t y o f Tephros ia over p rev ious l y s tud ied (and va l ida ted) t reatments ( F i g . 1).
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Table 2. Ef f icacy of d i f ferent p lan t leaves on emergence a n d m o r t a l i t y of C. chinensis 
on pigeonpea stored for 2 months .
Treatment Mean no. of emergent adults Adul t mortal i ty (%)
Burley cured tobacco 20.6 e 87.3 ab
Flue cured tobacco 58.2 d 62.6 cd
Fire cured tobacco 4.6 e 98.6 a 
Lantana camara 114.6 c 44.2 d 
Water hyacinth 99.2 c 83.5 abc
Tephrosia 4.0 e 100.0 a 
Castor oi l 113.6c 74.1 bc 
Mexican marigold 8.8 e 91.1 ab
Lemon grass 159.4 b 81.7 abc
Untreated control 251.0 a 42.0 d 
L S D 22.1 24.1
Means followed by the same letters in each column are not significantly different (P<0.05)
Source: Silim-Nahdy 1995
F i g u r e 1 . O n - f a r m b r u c h i d d a m a g e u n d e r d i f ferent t reatments a n d storage dura t ions ,
L i r a distr ict , 1999 (Agona a n d S i l i m - N a h d y 1999) .
Coa t i ng p igeonpea seeds w i t h o i l i s a lso k n o w n to o f fe r g o o d p ro tec t ion against
C. chinensis in festat ion (Kha i re et a l . 1 9 9 2 , S i l i m - N a h d y 1995). Regardless of the source of
vegetable o i l , crude o i l extracts o f fe r bet ter p ro tec t ion against b ruch ids than p u r i f i e d o i ls
(Schoonhoven 1978).
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Farmers cons ider synthet ic insect ic ides to be the m o s t e f fec t i ve means o f b r u c h i d c o n t r o l .
W h e n app l i ed co r rec t l y and p r o v i d e d s t r i c t s torage hyg iene i s f o l l o w e d thereafter, chem ica l
c o n t r o l can ensure to ta l m o r t a l i t y o f b ruch ids and a l l o w l o n g - t e r m storage. F u m i g a t i o n o f
p igeonpea w i t h phosph ine gas, f o r ins tance, is e f fec t i ve against a l l stages of C. chinensis. 
L a b o r a t o r y exper iments b y A g o n a (1999 ) s h o w e d that Q u i c k p h o s , Phos tox in , S y n f u m e , and
F u m a p h o s a l l gave 1 0 0 % c o n t r o l ( n i l d a m a g e d pods , zero e m e r g i n g adu l ts ) , c o m p a r e d t o
1 5 % m e a n damage and large numbers o f e m e r g i n g adul ts i n unt reated p igeonpea.
Insec t i c ide dus t m i x t u r e s c o m m o n l y used t o c o n t r o l b r u c h i d damage i nc lude M a l a t h i o n 2 %
a. i . a n d A c t e l l i c 1 % a. i . ( P i r i m i p h o s m e t h y l ) ( S i l i m - N a h d y e t a l . 1991). H o w e v e r , the
ef fec t iveness o f the dus t admix tu res are va r i ab le , depend ing on she l f l i f e , storage
cond i t i ons , dosage rates, a n d the storage e n v i r o n m e n t i n w h i c h the pest ic ide i s app l i ed .
F i e l d app l i ca t i on o f C y p e r m e t h r i n 5% to c o n t r o l p o d damage by H . armigera has been
observed to be e f fec t i ve in r educ ing C. chinensis i n fes ta t ion o f s tored p igeonpea
( S i l i m - N a h d y 1995, A l o c i 2000 ) . C o n t r o l o f H . armigera e l im ina tes po ten t ia l egg l a y i n g
si tes; app l i ca t i on o f insec t i c ide k i l l s b r u c h i d eggs a n d 1st l a r va l instars on p igeonpea pods
( S i l i m - N a h d y 1995) . The re i s a s t rong pos i t i ve re la t i onsh ip be tween p o d damage and
b r u c h i d in fes ta t ion i n storage, espec ia l l y w h e n no c o n t r o l measures are app l i ed ( A l o c i
2 0 0 0 ) . T h i s suggests that pod/seed damage by borers encourages b r u c h i d in fes ta t ion in the
f i e l d that con t inues d u r i n g storage.
Plant resistance to bruchids
To reach h i g h p o p u l a t i o n densi t ies on p igeonpea seeds, b ruch ids m u s t f i n d su i tab le
o v i p o s i t i o n substrates ( i n c l u d i n g pods and seeds) that encourage egg l a y i n g , l a rva l /pupa l
deve lopmen t , a n d adu l t emergence. S i l i m - N a h d y (1995 ) observed that f e w e r eggs are l a i d
on p igeonpea var ie t ies w i t h pods that have h i g h ha i r densi t ies and are non-deh iscent , and on
seeds tha t are den ted /sh r i ve l l ed - b u t some of these character is t ics , espec ia l ly dented seeds,
reduce m a r k e t va lue o f the p roduce .
Adopt ion of Bruchid Management Technologies
T h e a d o p t i o n o f r e c o m m e n d e d b r u c h i d managemen t op t ions depends o n ef fect iveness,
ava i l ab i l i t y , cost , a n d user f r iend l iness . In U g a n d a e f fo r ts have been made to popu la r i ze the
app l i ca t i on o f Tephros ia and tobacco l ea f p o w d e r as admix tu res . In areas whe re these
botan ica ls are no t eas i ly ava i lab le , fa rmers have been supp l ied w i t h seeds f o r m u l t i p l i c a t i o n .
Farmers are a lso encouraged to g r o w Tephros ia a round f i e lds t o con t r o l damage by mo les .
A m o n g the phys i ca l c o n t r o l me thods , so la r i za t ion i s popu la r w i t h fa rmers , bu t i t i s
r e c o m m e n d e d f o r g ra i n - n o t seed - t rea tment . T h e t rad i t i ona l tua, a l t hough ve ry e f fec t i ve ,
has los t p o p u l a r i t y w i t h the easy ava i l ab i l i t y o f g u n n y bags o r p o l y p r o p y l e n e sacks that are
por tab le a n d can store large v o l u m e s .
A d o p t i o n o f b r u c h i d managemen t me thods i s con t ingen t u p o n fa rmers h a v i n g enough
surp lus p roduce t o be s tored f o r l o n g pe r i ods . B u t bet ter storage management w i l l he lp
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f a rmers ob ta in bet ter p r ices , and thus p r o v i d e incent ives f o r fu r ther i m p r o v e m e n t s i n
p igeonpea p roduc t i v i t y . Cu r ren t l y , the N a t i o n a l Post -Harvest Research P rog ramme, N A R O ,
i n co l l abo ra t i on w i t h I C R I S A T , has e m b a r k e d on p igeonpea seed m u l t i p l i c a t i o n , To
encourage adop t i on o f i m p r o v e d var ie t ies and bet ter pest con t r o l methods , p igeonpea ,
Tephros ia , and /o r tobacco seeds are g i v e n as a package to interested fa rmers f o r
m u l t i p l i c a t i o n and use.
Conclusions
B r u c h i d s cause h i g h losses on s tored p igeonpea , a f fec t ing f o o d secur i ty and i n c o m e a m o n g
sma l l ho lde r fa rmers . P roven b r u c h i d management techno log ies - Tephros ia , tobacco , and
so la r i za t ion - mus t be d isseminated to fa rmers m o r e e f fec t i ve ly . In order to reduce b r u c h i d
l oad i n to storage, research mus t focus on f i e l d management o f p o d borers and b ruch ids .
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Discussions - Postharvest Issues
Storage pests
Storage pests cause cons iderab le losses in b o t h quan t i t y and qua l i t y . I f p igeonpea is to be
c o m m e r c i a l i z e d , i t i s essent ial to p r o m o t e bet ter storage pract ices. M o s t sma l lho lde r
fa rmers do no t rea l ize that storage pests are ca r r ied over f r o m the f i e l d i n t o storage. T h i s i s
pa r t l y because f i e l d in fes ta t ion (egg l ay i ng ) m a y cause no v i s ib le damage o r s y m p t o m s
i m m e d i a t e l y ; damage begins o n l y af ter the eggs have hatched. F i e l d pest management as a 
w a y to reduce storage losses mus t f o r m an impo r t an t par t o f d i ssemina t ion e f fo r ts .
Techno log ies are ava i lab le f o r con t ro l o f storage pests. F i e l d and storage pests can o f ten
be con t ro l l ed w i t h the same chemica ls , e.g. c y p e r m e t h r i n acts against b o t h Helicoverpa and
bruch ids . So la r i za t ion is also e f fec t i ve , bu t af fects ge rm ina t i on . There fo re i t shou ld be
p r o m o t e d f o r the p ro tec t ion o f s tored g a i n , bu t no t f o r seed. F i e l d sp ray ing after p o d f i l l i n g
is e f fec t i ve , bu t m a y be cost ly . Research shou ld a i m to deve lop m o r e cost -e f fec t ive
packages.
Quality
M a r k e t requ i rements are f o r large, sweet, green peas. In storage, green peas tu rn y e l l o w ,
then c reamish . We need to deve lop qua l i t y standards f o r g rad ing o f p roduce. N u t r i t i o n a l
losses can be impo r tan t , pa r t i cu la r l y w h e n target ing the heal th-consc ious expor t marke t .
A d d i t i o n a l studies m a y be needed to m i n i m i z e losses in mo is tu re and nutr ients (e .g . v i t a m i n





I n m a n y A f r i c a n count r ies , r e f o r m o f domest ic ag r i cu l tu ra l marke ts was expected, a m o n g
other th ings , to lead to the deve lopmen t o f a m o r e e f f i c i en t ag r i cu l tu ra l m a r k e t i n g and
d is t r i bu t i on sys tem led by the p r i va te sector. T h e resu l t i ng ga ins i n m a r k e t i n g e f f i c i ency
were expected to increase incent ives f o r sma l l ho lde r fa rmers to adopt i m p r o v e d
techno log ies that c o u l d increase p r o d u c t i v i t y and f a r m incomes . I n rea l i ty , however , the
benef i ts f r o m l i be ra l i za t ion are p r o v i n g to be e lus ive f o r m a n y sma l lho lde r fa rmers i n sub-
Saharan A f r i c a . T h e ev idence over the last decade suggests, a t best, s lugg ish supp ly
response to emerg ing oppor tun i t ies f o r c o m m e r c i a l i z a t i o n and t rade. Pr iva te sector
par t i c ipa t ion in ag r i cu l tu ra l m a r k e t i n g and trade tends to be c o n f i n e d to ac t iv i t ies where the
cost o f en t ry i s l o w and returns to investments are re la t i ve l y s m a l l . As a resu l t , p r i va te
inves tment in t rad ing in f ras t ructure and equ ipmen t has no t increased s ign i f i can t l y f o l l o w i n g
marke t l i be ra l i za t i on .
To take advantage o f the oppor tun i t ies o f fe red by l i be ra l i za t i on o f agr icu l tu ra l marke ts ,
sma l lho lde r fa rmers and marke t in termediar ies need to e x p l o i t the dynam ic g r o w t h ef fects
o f the forces o f economic change. T h i s imp l i es i m p r o v e d access to e f f i c ien t marke ts , post -
harvest and d i s t r i bu t i on systems, e f fec t i ve m a r k e t i n f o r m a t i o n , and i m p r o v e d technolog ies
that w i l l enable sma l lho lde r fa rmers t o be c o m p e t i t i v e b o t h i n p r i ce and qua l i t y i n domest i c ,
reg iona l , and in te rna t iona l marke ts . T h e cent ra l cha l lenge f ac i ng researchers and
deve lopmen t pract i t ioners i s therefore to b u i l d the compe t i t i ve advantage o f sma l lho lder
fa rmers so that they can p roduce marke tab le surpluses ove r the i r subsistence needs and
engage in marke t ac t iv i t ies that c o u l d lead to sustainable c rea t ion o f w e a l t h i n ru ra l areas.
Sub-Sector Analysis: the Analytical Tool
Sub-sector analys is , k n o w n in the l i terature as c o m m o d i t y systems analys is , has been an
impo r tan t ana ly t i ca l t oo l f o r deve lop ing and ass is t ing the g r o w t h o f m i c r o - and smal l -sca le
enterpr ises in deve lop ing count r ies (Haggb lade and Gamser 1991) . A g r i c u l t u r a l economis ts
have ex tens ive ly used th is t o o l to evaluate the m a r k e t po ten t ia l o f agr i cu l tu ra l c o m m o d i t i e s
or o ther ag ro - f ood products . In recent years several deve lopmen t organizat ions have used
sub-sector analysis to evaluate the d y n a m i c s o f m i c r o - and smal l -sca le enterpr ises and
assess the prospects f o r in te rvent ions that w i l l suppor t the deve lopmen t and g r o w t h o f
businesses in bo th the agr i cu l tu ra l a n d non -ag r i cu l t u ra l sectors.
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Sub-Sector Analysis as a Tool for Improving
Commercialization and Market Access for
Pigeonpea Producers
H A Freeman and R B Jones
1
I t w i l l be use fu l a t th is p o i n t t o de f i ne some k e y concepts that are used in the paper.
A sub-sector i s a n e t w o r k o f f i r m s that supp l y r a w mater ia ls , t r ans fo rm t h e m i n t o f i n i s h e d
produc ts , and d is t r ibu te m e m t h r o u g h supp l y channe ls t o f i n a l consumers . A n ag r i cu l tu ra l
sub-sector m i g h t i nc l ude e c o n o m i c ac t i v i t ies f r o m o ther sub-sectors. I n any g i v e n sub-
sector there are par t i c ipants w h o engage in one o r m o r e ac t i v i t i es ( func t ions ) that t r a n s f o r m
a r a w mate r ia l i n t o a marke ted p roduc t . A m a r k e t channe l is a ve r t i ca l p r o d u c t i o n a n d
d i s t r i b u t i o n cha in that l i n k s par t i c ipan ts w h o p e r f o r m s i m i l a r f unc t i ons us ing s i m i l a r
techno log ies . A sub-sector n o r m a l l y consists o f a n u m b e r o f d i f fe ren t channels that compe te
f o r m a r k e t share. Sub-sector ana lys is descr ibes a set o f concepts and too ls that are used to
assess the feas ib i l i t y o f i n te rven t ions w i t h i n an e c o n o m i c sys tem. An impo r t an t concep t i s
the sub-sector m a p . I t i s used to summar i ze the s t ructure and dynam ics o f a sub-sector,
i d e n t i f y i n g k e y par t i c ipan ts , the i r f unc t i ons , a n d the channe ls that descr ibe the f l o w o f
p roduc ts a m o n g the d i f f e ren t par t i c ipan ts .
Sub-Sector Analysis Applied to Pigeonpea
O v e r the past 5 years I C R I S A T , in par tnersh ip w i t h TechnoServe , has been us ing sub-sector
analys is to i den t i f y c r i t i ca l const ra in ts to g r o w t h i n the p igeonpea sub-sector, and des ign
in te rven t ions t o deve lop business oppor tun i t i es that w i l l d r i v e c o m m e r c i a l i z a t i o n o f ru ra l
enterpr ises, i n c l u d i n g sma l l ho lde r fa rmers . T h e t o o l has he lped p r o v i d e a s t ruc tured
o v e r v i e w o f the p igeonpea sub-sector - f r o m research and ex tens ion to fa rmers and marke t
in te rmed ia r ies - i d e n t i f y i n g business oppor tun i t i es that can lead to the c rea t ion o f w e a l t h in
n iches where ru ra l househo lds are l i k e l y to have a c o m p e t i t i v e advantage.
T h i s paper descr ibes ou r f o r m a t i v e exper ience w i t h the use o f th is t o o l i n Tanzan ia ,
M o z a m b i q u e , and K e n y a . O u r l i m i t e d exper ience w i t h us ing sub-sector ana lys is i m p l i e s
that i t m i g h t be too ear ly to assess the househo ld l eve l impac ts resu l t ing f r o m i ts app l i ca t i on .
Nonethe less , we have learnt some ear ly lessons that shou ld he lp de f i ne and d e v e l o p
in te rven t ions that w i l l lead to the c rea t ion o f p ro f i t ab l e and sustainable business enterpr ises.
I n Tanzan ia the sub-sector analys is s h o w e d that b o l d , c ream-co lo red p igeonpeas g r o w n
in no r the rn Tanzan ia are h i g h l y sought af ter i n Eu ropean marke ts , where they at t ract
p r e m i u m pr ices (TechnoServe 1998a). H o w e v e r , th is m a r k e t has h igher qua l i t y standards
than the t rad i t i ona l I n d i a n marke t . T h e ana lys is suggested that the m o s t cos t -e f fec t i ve
in te rven t ions w o u l d be ( i ) g i v i n g fa rmers access to p igeonpea var iet ies w i t h the des i red
m a r k e t character is t ics , ( i i ) bet ter o rgan iza t i on o f domes t i c m a r k e t i n g . A t the v i l l age l e v e l ,
i n te rven t ions focused on p r o v i d i n g sma l l ho lde r fa rmers w i t h i m p r o v e d seed that sat is f ied
m a r k e t standards, and o rgan i z i ng fa rmers i n t o g roups that are p r o v i d e d t r a i n i ng to p roduce ,
c lean , and grade the f i n i shed p roduc t . These f a r m e r g roups were l i n k e d d i r ec t l y to expor ters
w h o we re assisted to get f o r w a r d cont racts w i t h Eu ropean buyers . A business p l a n was
deve loped w i t h an expor te r t o fac i l i t a te and e x p a n d purchases f r o m fa rmers . TechnoServe
he lped the expor te r m o b i l i z e f i nance by p r o v i d i n g a l oan guarantee on w o r k i n g cap i ta l t o
c o m m e r c i a l banks .
In M o z a m b i q u e the sub-sector analys is i d e n t i f i e d oppor tun i t i es f o r seasonal t rade to
I n d i a f r o m M a y t o Sep, w h e n p igeonpea supp l ies f r o m domest i c p r o d u c t i o n and
i m p o r t s we re a t the i r l owes t l eve l and p r ices w e r e h ighes t (TechnoServe 1998b) . Pro jec t
186
i n te rven t ions targeted de l i ve r y o f i m p r o v e d shor t -du ra t ion var ie t ies t o the I n d i a n ma rke t
d u r i n g th is p e r i o d . B u t these var ie t ies are h i g h l y suscept ib le to insect pests, so a par tnersh ip
was f o r m e d w i t h c o t t o n compan ies t o in tegrate shor t -du ra t ion p igeonpea i n t o the co t t on
p r o d u c t i o n sys tem. T h e resu l t was a co t ton-p igeonpea ro ta t i on sys tem. Because the co t t on
compan ies p r o v i d e d inpu ts (seed and insect ic ides) fa rmers we re able to app l y c o t t o n pest
con t ro l measures on p igeonpea. T h i s addressed the pest p r o b l e m and a l l o w e d the c u l t i v a t i o n
of a var ie ty that e x p l o i t e d the seasonal n i che in I n d i a n marke ts . TechnoServe ar ranged v is i ts
f r o m overseas and domes t i c buyers and processors so that they c o u l d assess the marke t
character is t ics o f the i m p r o v e d var ie t ies and deve lop m a r k e t l i nkages . Bus iness p lans we re
deve loped f o r enhanc ing p r o d u c t i o n and expo r t o f the c r o p , w i t h add i t i ona l suppor t
p r o v i d e d f o r seed m u l t i p l i c a t i o n , i npu t supply , a n d t rade f i n a n c i n g .
T h e in te rven t ions resu l t i ng f r om the sub-sector s tudy i n K e n y a we re p r i m a r i l y
techno log i ca l i n te rven t ions that focused o n i m p r o v i n g cons is tency i n the supp ly o f
vegetable p igeonpea (F reeman e t a l . 1998) . T h i s w o u l d s t rengthen the capab i l i t y o f the
establ ished h o r t i c u l t u r a l i ndus t ry t o supp ly h i g h qua l i t y p igeonpea p roduc ts t o marke ts i n
Eu rope year r o u n d . Samples o f i m p r o v e d p igeonpea var iet ies we re sent t o buyers i n E u r o p e
to assess m a r k e t acceptab i l i t y . Var iet ies that the marke t ra ted h i g h l y we re m u l t i p l i e d and are
be ing g r o w n by large numbers o f sma l lho lder fa rmers f o r the h i gh -va lue expo r t ma rke t .
Lessons from Application of Sub-Sector Analysis
O u r exper ience to date shows that deve lop ing an unders tand ing o f the p igeonpea sub-sector
is a c r i t i ca l step in ge t t i ng an accurate representat ion o f i ts s t ructure. T h e dep th o f th is
unders tand ing has i m p l i c a t i o n s f o r the types o f i n te rven t ions deve loped and the p r o b a b i l i t y
that they w i l l create w e a l t h that leads to se l f -susta ined g r o w t h f o r the r u r a l poor .
A key step w a s to unders tand the nature o f const ra in ts to g r o w t h in the p igeonpea sub-
sector. A l l the sub-sector studies descr ibed above i n c l u d e d cons t ra in t analyses that f ocused
on constra in ts i n s torage, m a r k e t i n g , t ranspor ta t ion , p rocess ing and h o w they con t r i bu ted t o
ine f f i c ienc ies i n the m a r k e t i n g sys tem. Ear l i e r studies have i nc l uded analys is o f const ra in ts
ar is ing f r o m the regu la to ry , i ns t i t u t i ona l , and p o l i c y e n v i r o n m e n t i n w h i c h producers and
marke t in te rmed ia r ies operate. Rare ly do these studies g i v e ser ious cons idera t ion to the
spec i f ic i ns t i t u t i ona l ar rangements that de te rm ine the p r o d u c t i o n and exchange o f
commod i t i es . O u r exper ience, however , suggests that the ins t i tu t iona l e n v i r o n m e n t i n w h i c h
p roduc t i on and trade occurs as w e l l as the spec i f i c i ns t i t u t i ona l ar rangements g o v e r n i n g
economic ac t iv i t ies impose s ign i f i can t t ransact ion costs that cons t ra in m a r k e t access and
c o m m e r c i a l i z a t i o n f o r mos t sma l lho lde r fa rmers . O u r case studies i n Tanzania ,
M o z a m b i q u e , a n d K e n y a p r o v i d e d ev idence o f h i g h leve ls o f t ransact ion costs that are
se ldom accounted f o r i n the deve lopmen t o f i n te rven t ions to imp rove market access and
enhance commerc ia l iza t ion in the pigeonpea sub-sector. For examp le :
• M a r k e t in te rmed ia r ies rare ly have key i n f o r m a t i o n on p r i ce , m a j o r ma rke t ou t le ts ,
seasonal requ i remen t , ma rke t p roduc t spec i f i ca t ions o r qua l i t y standards. T h e cost o f
acqu i r i ng such i n f o r m a t i o n i s h i g h , p reven t i ng m a n y sma l lho lde r fa rmers f rom us ing
such i n f o r m a t i o n to m a k e p roduc t i on and i nves tmen t dec is ions.
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• R u r a l assemblers face h i g h o p p o r t u n i t y cos t o f t i m e co l l ec t i ng s m a l l v o l u m e s o f p roduc t
f r o m large numbe rs o f p roducers scat tered across ru ra l areas
• M a n y producers con t i nue se l l i ng to pa r t i cu la r m a r k e t in termediar ies even w h e n they are
d issat is f ied w i t h the serv ice because they canno t f i n d an a l te rnat ive m a r k e t ou t le t o r
because the cost o f f i n d i n g and /o r nego t i a t i ng an a l te rna t ive buye r i s t o o h i g h .
• T h e prac t ice o f de l ibera te ly m i x i n g g ra in w i t h f o r e i g n ob jects such as stones a n d se l l i ng
the m i x t u r e as g ra i n i s w idespread because the ma rke t does no t d i s t i ngu i sh a m o n g
produc ts - p r i ce i s based on F a i r Ave rage Q u a l i t y ( F A Q ) , even t h o u g h f i n a l marke ts
d i s t i ngu i sh the c o m m o d i t y on the basis o f q u a l i t y d i f fe rences.
• M o s t ma rke t in te rmed ia r ies re l y on the i r o w n f unds to f i nance the i r t r ad ing ac t i v i t i es .
T r a d i n g c red i t i s o f t en no t ava i lab le because lenders e i ther f i n d i t d i f f i c u l t o r expens ive
to assess c red i twor th iness . T h i s h i g h cost i s re f lec ted i n w idespread fa i lu res o f c red i t
marke ts i n r u ra l areas.
• M a r k e t in te rmed iar ies pre fer q u i c k cash tu rnove r even t hough they c o u l d h o l d s tock and
get bet ter p r i ces . T h i s i s due to uncer ta in ty abou t d e m a n d , p roduc t qua l i t y , and the
cond i t i ons o f t r ad i ng .
W h a t d i f fe rence does a l l th is m a k e ? F o r one , i t a l l o w s us to cha l lenge conven t i ona l
be l ie fs about ag r i cu l t u ra l m a r k e t i n g , and the reasons w h y the sub-sector has responded
s lugg ish l y t o c o m m e r c i a l oppor tun i t i es . Rather t han b l a m e unscrupu lous traders e x p l o i t i n g
p o o r sma l lho lde r fa rmers , i t ca l ls a t ten t ion t o the h i g h cost o f i n f o r m a t i o n and m i s s i n g
marke ts . These examp les show that d i f f e ren t types o f t ransact ion costs c o n d i t i o n p r o d u c t i o n
and m a r k e t i n g re la t ions a m o n g d i f f e ren t agents i n ru ra l areas. A n d they m i g h t no t be t r i v i a l .
We d i d no t d i r ec t l y measure t ransact ion costs o r assess the i r impac t on i m p r o v i n g marke t
access f o r p igeonpea . Nonethe less , the case studies p r o v i d e s t rong anecdota l ev idence that
these costs can be even m o r e impo r tan t than m a r k e t pr ices o r ine f f i c ien t d i s t r i bu t i on systems
i n e x p l a i n i n g l o w adop t i on o f i m p r o v e d techno log ies b y sma l lho lde r fa rmers .
T h e genera l lesson i s that marke ts in te rac t t h r o u g h m a n y channels besides pr ices and
incomes . T h e pervasiveness o f h i g h t ransact ion costs i n ru ra l marke ts has i m p l i c a t i o n s f o r
deve lopmen t strategies to i m p r o v e m a r k e t access a n d p r o m o t e c o m m e r c i a l i z a t i o n i n the
p igeonpea sub-sector. In the past, i n te rven t ions focused on techno log ica l so lu t ions and the
deve lopmen t o f business p lans. O u r s tudies, however , i m p l y that greater emphas is shou ld be
p laced on i nnova t i ons that foster t ransparency in marke ts and ins t i tu t ions i n o rder to reduce
t ransact ion costs i n w a y s that w i l l i m p r o v e the c o m p e t i t i v e pos i t i on o f sma l l ho lde r fa rmers
and o ther ma rke t in te rmed ia r ies .
Conclusions
T h i s paper r e v i e w e d the exper ience o f I C R I S A T i n par tnersh ip w i t h TechnoServe i n
a p p l y i n g sub-sector analys is t o the p igeonpea sub-sector. A p p l i c a t i o n o f th is t o o l i m p r o v e d
ou r unders tand ing o f the structure and d y n a m i c s o f the sub-sector. B u t enough cons idera t ion
has no t been g i v e n to the d i f fe ren t types o f t ransact ion costs faced by sma l l ho lde r fa rmers
and o ther marke t in te rmed iar ies i n r u ra l areas.
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Consequent l y , business p lans and o ther t echno log i ca l in te rvent ions resu l t i ng f r o m the
use o f sub-sector analys is have no t f u l l y in tegra ted the incent ives (o r l ack the reo f ) that
mo t i va te fa rmers and o ther m a r k e t in te rmed ia r ies t o respond to oppo r tun i t i es f o r
c o m m e r c i a l i z a t i o n . I f th is i s the case then deve lopmen t prac t i t ioners shou ld incorpora te
methods f o r measur ing t ransact ion costs, e i the r d i rec t l y o r ind i rec t l y , i n sub-sector analyses.
In order to de te rmine the incent ives needed f o r producers and other ma rke t in te rmed iar ies to
par t i c ipa te in any g i v e n sub-sector, i t is necessary to accurate ly assess t ransact ion costs -
mone ta r y and non-mone ta ry - as w e l l as the m o r e d iscern ib le costs in p r o d u c t i o n and
d i s t r i bu t i on . T h e rea l i t y i s that fa rmers a n d o the r marke t in termediar ies i nc l ude t ransact ion
costs, consc ious ly o r unconsc ious ly , i n a d d i t i o n t o p r i ce parameters w h e n m a k i n g
p r o d u c t i o n and m a r k e t i n g dec is ions . I t i s there fore no t su rp r i s ing that the o p t i m i s t i c
p ro jec t ions on supp ly response i n o u r business p lans have no t ma te r ia l i zed . T h u s , i f we are
ser ious about b u i l d i n g the c o m p e t i t i v e advantage o f sma l lho lde r f anne rs and susta inably
c rea t ing w e a l t h i n ru ra l areas we s h o u l d l o o k m o r e c lose ly a t the rea l i t ies o f costs and
returns in ru ra l areas.
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In a ga the r ing such as th is , a m o n g papers such as y o u have heard , a p resenta t ion of th is type
needs to m a d e w i t h a he f t y dose o f h u m i l i t y . I t i s no t the resul t o f h a r d expe r imen ta l data
w i t h a r i go rous c o n t r o l g roup , no r does i t demonst ra te soph is t ica ted s ta t is t ica l analys is .
Scho la rsh ip canno t be c l a i m e d , and there i s no po in t i n p re tend ing to b e l o n g a m o n g such
peers.
Rather, w h a t i s o f fe red are some re f lec t ions based on exper ience in d o i n g business under
s i m i l a r cond i t i ons . W h a t TechnoServe b r ings is a case study that m a y have some lessons to
o f fe r f o r the d e v e l o p m e n t o f p igeonpea p rog rams in the reg ion , i f they i n t end to address the
issue o f c o m m e r c i a l susta inabi l i ty . I t i s the e x a m i n a t i o n o f a p r o g r a m l o o k i n g a t the
componen ts , the const ra in ts , and the so lu t ions in o rder to d i s t i l f rom the exper ience cer ta in
p r i nc i p l es , w h i c h appear to be app l i cab le to p igeonpea. T h e exerc ise m a y be s i m i l a r to an
e x a m i n a t i o n o f h i s to ry i n order t o i m p r o v e con tempora ry dec is ions. O n e m u s t be ca re fu l not
to m a k e the ove r l ay t oo b o l d , bu t there i s s t i l l some th ing to be ga ined f rom the exerc ise.
The Case Study
The case re fe r red to occur red ove r the past 2 years as par t o f TechnoServe 's p o r t f o l i o o f
agr ibus iness deve lopmen t . I t began by f a c i n g up to the facts that th ings were n o t g o i n g w e l l .
R u r a l ag r i cu l t u ra l p roducers were no t be ing p a i d af ter de l i ve ry to the processor. As th is
out le t f o r f a rmers co l lapsed , there was no a l te rnat ive ou t le t f o r the i r p r o d u c t i o n . So an
a l te rna t ive w a s estab l ished - bu t then th is l i n k began s h o w i n g s y m p t o m s o f business
mor ta l i t y .
T h e fa rmer 's p roduc t that was pass ing t h r o u g h th is i n te rmed ia ry was no t b e i n g p roper l y
h a n d l e d , so spo i lage losses and re jec t ions were creat ing f i nanc ia l losses that were
threa ten ing i ts s u r v i v a l . Opera t ions l i m p e d a l ong , bare ly s u r v i v i n g f r o m m o n t h t o m o n t h ,
w h e n p o w e r p r o b l e m s necessi tated the purchase o f a generator. D e l i v e r y p r o b l e m s w i t h the
s m a l l t o w n wate r sys tem added other unp lanned costs. I t was the o l d pat tern - h a n d l i n g costs
we re h i g h a n d revenues we re t o o l o w . B e t w e e n the f a r m gate and the enterpr ise that was
process ing a n d packag ing the p roduc t f o r the consumer , qua l i t y was n o t b e i n g assured.
I n t he o f f i c e t h i n g s w e r e n o t m u c h bet ter . D e l i v e r y a n d s h i p m e n t r e c o r d s w e r e
f l a w e d . E x p e n s e a c c o u n t i n g w a s a v a i l a b l e , b u t b e h i n d . M o n t h l y f i n a n c i a l s ta tements
d i d n o t r e v e a l a c c u r a t e l y t h e s ta tus o f the o p e r a t i o n - losses w o u l d o n l y b e k n o w n
w h e n t h e r e w a s no money to pay a b i l l . Typ i ca l o f ru ra l enterprises, perhaps, bu t hard ly
adequate f o r fu ture s u s t a i n a b i l i t y .
1 . Count ry D i rec tor , TechnoServe Inc. , PO B o x 14821 , N a i r o b i , Kenya
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In shor t , the p r o b l e m was a dys func t i ona l l i nkage be tween the f a n n e r ( w h o was
p r o v i d i n g a decent p roduc t ) and the processor ( w h o was w i l l i n g to pay a ma rke t p r i ce f o r i t ) .
A t th is p o i n t TechnoServe l o o k e d a t the s i tua t ion square ly and i m p l e m e n t e d a remed ia l
strategy. T h e senior s taf f m e m b e r i n charge t empo ra r i l y m o v e d to the si te. T h e manager and
accountant we re rep laced. A qua l i t y c o n t r o l sys tem was pu t i n p lace w i t h p r o d u c t test ing to
ensure that p roduc ts f r o m the f a r m were acceptable and no t m i x e d w i t h f o r e i g n mate r ia l t o
e x p a n d quant i t ies . An ex terna l accoun t i ng f i r m was b rough t i n t o p u t i n p lace a sys tem that
w o u l d meet m i n i m a l business standards. W h a t needed to be done was no mys te ry , and
cer ta in l y no t ve ry h i g h tech. I t j u s t needed to be i m p l e m e n t e d , and done comprehens ive ly .
W i t h i n 6 mon ths the results began to show. T h e tes t ing p r o g r a m at the p l an t - l oad ing
depar tment tu rned away i n fe r i o r p roduc ts , and soon fa rmers learned to b r i n g w h a t was
acceptable. A generator was ins ta l led to guarantee p o w e r to reduce spo i lage. T h e record
sys tem meant that fa rmers were assured o f be ing p a i d accurate ly and on t i m e . T h e
accoun t i ng system demonst ra ted the p r o f i t a b i l i t y each m o n t h and revea led changes in
revenues or expenses.
T h i s ru ra l enterpr ise today operates on a 2% to 3% net p r o f i t , pays a p p r o x i m a t e l y 2 0 0 0
fa rmers about 6-7 m i l l i o n K S h per m o n t h , and suppl ies a processor d a i l y w i t h a p roduc t that
even tua l l y f i nds i ts way to sat is f ied consumers i n N a i r o b i . I n spi te o f the cu r ren t state o f
coun t r y ' s e c o n o m y the ent i re d is t r i c t i s s h o w i n g the af fect o f the $1 m i l l i o n that entered i ts
e c o n o m y in the past 12 mon ths .
T h e p roduc t has been le f t unnamed u n t i l n o w , so that we c o u l d focus on the c o m m e r c i a l
business dynamics . I t i s m i l k . Fo r ou r purposes here i t i s no t the p roduc t that i s impo r tan t , i t
i s the c o m m e r c i a l p r inc ip les f o r sus ta inab i l i t y that are v i t a l . Some o f these m a y be
app l i cab le to the p igeonpea indust ry , and they are o f fe red b r i e f l y f o r cons ide ra t ion .
Essential Principles for Agricultural Commercial
Sustainability
1. The market is the magnet that pulls farm production
Once we start to cons ider p r o d u c i n g f o r sale, rather than f o r ru ra l f a r m subsistence and
barter, we ignore the marke t a t ou r p e r i l . S i m i l a r to m i l k there is a reasonable l oca l marke t
f o r th is c rop - processed, d r i ed , and f resh - that is no t be ing sat is f ied. L i k e the reg iona l
m a r k e t f o r U H T m i l k , there i s a lso a m a r k e t po ten t ia l f o r processed p igeonpea in
n e i g h b o r i n g count r ies . U n l i k e ou r case there i s a lso an expo r t ma rke t f o r the c r o p , p r o v i d e d
cer ta in qua l i t y and quant i t y requ i rements are met .
T h i s marke t magnet p r i nc ip le i s w e l l k n o w n . Var ious studies have d o c u m e n t e d the
I n d i a n marke t w i n d o w and the Eu ropean e thn ic d e m a n d , i n add i t i on to the cross-over
popu la r i za t i on that i s par t o f the overseas t rends in ea t ing habi ts .
So w h y do we see so l i t t l e impac t o f the ma rke t a t f a r m leve l? T h e answer l ies i n the
second , t h i r d , and f o u r t h p r inc ip les .
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2. Bulking is the pipeline that links farm production to the market
T h i s c o u l d have been stated w i t h a focus on in f ras t ruc tu re , b u t that gets us b o g g e d d o w n in
those par ts o f the in f ras t ruc ture that do no t w o r k very w e l l . I t i s bet ter to state i t f rom the case
study in a manner that iden t i f i es a key l i n k in the c o m m e r c i a l c h a i n , w h i c h we can in pract ice
address.
F o r p igeonpea to m o v e f rom f a r m gate to the processor, or expor te r , there needs to be a 
b u l k i n g f a c i l i t y based in the ru ra l areas. I t can start, perhaps, the w a y a c o o l i n g p lan t starts -
by c o l l e c t i n g the p roduc t i n sma l le r quant i t ies . I n the case o f m i l k , b u l k i n g i s done i n cans. I t
m a y be poss ib le t o b u l k pulses i n sacks and sma l l t ruck loads , be fo re b u l k i n g the p roduc t i n
g o d o w n s o r large t rucks . A t some p o i n t ( f o r d r i ed p igeonpea) the business w o u l d adopt
s ign i f i can t e f f i c ienc ies and cos t -sav ing measures to hand le the c r o p l i k e a c o m m o d i t y . I f
p igeonpea i s g raded be fore i t i s accepted f r o m the farmer , and then c leaned a t the b u l k i n g
s ta t ion , the va lue added increases s t i l l fur ther .
A l l th is leads to the poss ib i l i t y that such an opera t ion c o u l d be a susta inable and
p ro f i t ab le rura l -based enterpr ise. The re are ind ica t ions that processors a n d expor ters are
w i l l i n g to pay a p r e m i u m p r i ce f o r a p roduc t that meets qua l i t y standards and is de l i ve red
a c c o r d i n g to cont rac ted schedule .
3. Increased productivity rests in the hands of the farmer
O n e o f the lessons f rom the da i r y indus t ry is in teres t ing here. W i t h o u t a m a r k e t , y ie lds and
inpu ts are no t impo r tan t . O n c e the f a r m e r i s i n t o u c h w i t h the m a r k e t , t hen h igher y ie lds
m e a n m o r e m o n e y i n h is pocke t , w h i c h i n t u rn g ives h i m the capac i ty t o purchase inputs that
w i l l f u r t he r increase those y ie lds .
T h u s , a non - l eak i ng p ipe l i ne to the marke t becomes a means f o r t rans fe r r i ng ag ronomic
i m p r o v e m e n t back to the f a r m . Ex tens ion serv ices, i m p r o v e d seed, and fe r t i l i ze rs can be
channe led to progress ive fa rmers because they have the m o t i v a t i o n o f the ma rke t and the
means f rom thei r revenues. I t is even possib le to l i n k a cred i t f ac i l i t y to the b u l k i n g p lant since
purchases by the fa rmer can be deducted f rom the farmer 's account before he or she is pa id .
W h i l e a l l th is i s l o g i c a l a n d appea l ing , we mus t add a rea l is t ic no te o f c a u t i o n . Hence the
f i n a l p r i n c i p l e .
4. Product and financial flows must be profitably managed
T h i s i s one o f those statements that appear t oo obv ious . M a y b e i t s h o u l d be rephrased:
P roduc t and f i nanc ia l f l o w s are d i f f i c u l t to manage p ro f i t ab l y . I f , as they say, " the d e v i l i s in
the de ta i l s " , then i t i s ce r ta in l y t rue here.
P ro f i t ab le enterpr ises dea l i ng postharvest w i t h p igeonpea are s i m i l a r to successful
f a rms . I t i s necessary t o do e v e r y t h i n g r i gh t . T h e m a r g i n f o r ser ious e r ro r i n such enterpr ises
i s ve ry t h i n . W i t h m i l k one 12,000- l i te r tanker t r uck re jec ted can cos t the mon th ' s p ro f i t .
E v e n t h o u g h p igeonpea i s n o t that per ishab le , the marg ins be tween purchase p r i ce to the
f a r m e r and sale p r i ce to the processor are no t large enough to absorb e i ther losses f rom poor
h a n d l i n g o r f i nanc ia l managemen t de f i c ienc ies .
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F r o m the outset any a t tempt to in tervene in the c o m m e r c i a l c h a i n m u s t be ana lyzed
ca re fu l l y acco rd ing to p r o f i t - m a k i n g c r i te r ia . T h e n a t r i a l en terpr ise c o u l d be establ ished to
observe h o w the actua l operat ions f u n c t i o n i n p rac t ice . S u c h an approach i s s im i l a r t o f i e l d
t r ia ls , f o r i f th is exper ience i n the so i l o f c o m m e r c i a l r ea l i t y i s successfu l then others w i l l
i nves t the i r o w n resources.
I t rust that even t h o u g h th is does no t q u a l i f y as a scho la r l y paper, i t m i g h t shed some
l i g h t o f one aspect o f the deve lopmen t o f th is indust ry .
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Discussions - Marketing and Enterprise
Development
Marketing
Research p rog rams m a y need t o cons ider reo r i en t i ng the i r w o r k t o w a r d deve lopmen t o f
c o m m e r c i a l l y va luab le p igeonpea var ie t ies w i t h character is t ics o f c o m m e r c i a l va lue , e.g.
la rge w h i t e seeds, a t t rac t ive green pods w i t h g o o d she l f l i f e . T h e e x p o r t ma rke t i s g r o w i n g
rap id l y . F o r examp le , Everes t L t d i n K e n y a expor ts abou t 1 t on per w e e k o f f resh green peas
to the U K . The re i s a lso a la rge po ten t ia l ma rke t f o r f r ozen peas.
A p a r t f r o m spec i f i c va r ie ta l q u a l i t y t ra i ts , researchers need to cons ider adaptat ion
(pho tope r i od , tempera tu re ) , a n d thus deve lop var ie t ies that can be g r o w n in spec i f i c areas
f o r spec i f i c marke ts , w h i c h m a y requ i re peas o r g ra in to be sh ipped d u r i n g a spec i f ic pe r i od .
M a r k e t d e v e l o p m e n t w i l l i n v o l v e a n e l e m e n t o f r i s k . S i n c e a m a r k e t does n o t ye t
e x i s t i n m a n y pa r t s o f t he r e g i o n , p o t e n t i a l s ize i s h a r d t o e s t i m a t e - f a r m e r s w i l l need
t o t ake the r i s k o f e n t e r i n g a n u n k n o w n m a r k e t , w i t h the e x p e c t a t i o n t ha t i t w i l l g r o w
s u f f i c i e n t l y q u i c k l y t o a b s o r b the i n c r e a s e d p r o d u c t i o n . N G O s a n d o t h e r o r g a n i z a t i o n s
n e e d t o i d e n t i f y measures t o m i n i m i z e the r i s k o f e x p o s u r e b y s m a l l h o l d e r f a r m e r s . I n
a d d i t i o n t o e x p o r t m a r k e t s , t he re i s a l a rge u n t a p p e d m a r k e t w i t h i n the r e g i o n . F o r
e x a m p l e , i n U g a n d a a n d o t h e r c o u n t r i e s , m a i z e c o n s u m p t i o n has g r o w n f r o m v e r y l o w
l e v e l s 4 0 - 5 0 years a g o , t o b e i n g the d o m i n a n t c e r e a l c o n s u m e d t o d a y . Tastes can b e
m a d e t o c h a n g e w i t h a g g r e s s i v e p r o m o t i o n , a s w a s d o n e f o r m a i z e .
T h e c r i t i ca l cons t ra in t t o i m p r o v e d m a r k e t i n g m a y be r u r a l assembly , i .e. co l l ec t i on o f
s m a l l quant i t ies f r o m i n d i v i d u a l fa rmers and assemb l ing large quan t i t i es a t a s ing le p o i n t to
at t ract who lesa le buyers . An i n f o r m a l co l lec t ion /assembly sys tem does ex is t i n ru ra l areas,
and can be s t rengthened and used to s t imu la te m a r k e t i n g .
Transport costs
Pr ice advantages are i n f l u e n c e d by several factors i n c l u d i n g y i e l d , n u m b e r o f g rowers ( to ta l
ou tpu t f r o m a g i v e n area), and t ranspor t costs. T ranspor t costs are o f t en the dec is ive factor ,
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Introduction
Pigeonpea i s an impo r t an t g r a i n l egume c rop g r o w n by sma l l ho lde r fa rmers i n Tanzania.
T h e m a j o r p r o d u c t i o n areas are Southern Z o n e ( L i n d i and M t w a r a reg ions) and N o r t h e r n
Z o n e ( A r u s h a and K i l i m a n j a r o reg ions , and espec ia l ly Baba t i d i s t r i c t i n A rusha ) . I n the
Eastern Z o n e (Coast , D a r es Sa laam, Tanga, and M o r o g o r o ) p igeonpea is impo r tan t as a 
green vegetable.
P igeonpea i s mos t l y g r o w n ra in fed , and n o r m a l l y as an i n te rc rop , m a i n l y w i t h ma ize and
to a lesser ex tent w i t h s o r g h u m , cassava, and sweet po ta to ( M b o w e and M a i n g u 1987) . In
th is c r o p p i n g sys tem fa rmers g r o w t rad i t iona l t a l l , l ong -du ra t i on ( 9 - 1 0 mon ths ) landraces
w i t h b o l d w h i t e seeds. H o w e v e r , y ie lds are ve ry l o w (0 .3-0 .5 t ha - 1) ( M l i g o and M y a k a
1994) .
T h e m a j o r const ra in ts i nc l ude : l ack o f appropr ia te i m p r o v e d h i g h - y i e l d i n g var ie t ies ,
lack o f qua l i t y seed, insect pests ( p o d borers, pod -suck ing insects) , diseases ( m a i n l y
f usa r i um w i l t ) , poo r p r o d u c t i o n pract ices (e .g . l o w p lan t dens i t ies) , f requent d rough ts , and
poor m a r k e t i n g in f ras t ruc tu re .
T h e m a i n object ives o f the Tanzanian p igeonpea improvemen t p rog ram are, therefore, to
• In t roduce and eva luate shor t -du ra t ion p igeonpea ( w i t h b o l d w h i t e seeds) w i t h po ten t ia l
f o r m u l t i p l e harvests
• Eva lua te m e d i u m - d u r a t i o n l ines as possib le replacements f o r l ong -du ra t i on p igeonpea,
e.g. in d rough t -p rone areas
• D e v e l o p h i g h - y i e l d i n g , l ong -du ra t i on p igeonpea to i m p r o v e the c r o p p i n g system
• Screen f o r f u s a r i u m w i l t resistance in a l l ma tu r i t y groups
• D e v e l o p and d isseminate super ior ag ronomic pract ices
• I den t i f y and a l lev ia te soc ioeconomic constra ints to p r o d u c t i o n
• D e v e l o p a sustainable seed p roduc t i on system
• C o n d u c t o n - f a r m research to create awareness and t ransfer i m p r o v e d technolog ies
to farmers .
T h i s paper descr ibes recent progress made in three areas - on-s ta t ion research
(mu l t i l o ca t i ona l t r ia ls ) , o n - f a r m research ( techno logy exchange) , and seed systems.
1,
2.
, I longa Agr i cu l tu ra l Research Inst i tute, Pr ivate Bag K i losa , Tanzania
. Nal iendele Agr i cu l tu ra l Research Inst i tute, PO B o x 506, M t w a r a , Tanzania
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Multilocational Variety Evaluation
T h e b reed ing p r o g r a m m a d e use o f b reed ing l ines deve loped b y I C R I S A T . Shor t - , m e d i u m ,
and l o n g - d u r a t i o n genotypes we re tested f o r adaptab i l i t y , y i e l d , seed qua l i t y , disease and
pest resistance, and acceptab i l i t y . Cons iderab le e f fo r t was spent on shor t -dura t ion
genotypes , espec ia l l y in Eastern Z o n e , because th is was a n e w c r o p p i n g sys tem in Tanzan ia
and showed p r o m i s e even i n areas where p igeonpea was no t t r ad i t i ona l l y g r o w n .
Short-duration genotypes
Shor t -du ra t i on genotypes we re in t roduced f r o m I C R I S A T i n the late 1980s. T r i a l s we re
conduc ted i n the 1986 /87 season a t three locat ions i n Eastern Z o n e (deta i ls i n M a i n g u and
M l i g o 1991) . T h e best pe r f o rmers were t w o b rown-seeded l i nes , I C P L 8 7 and I C P L 146.
Subsequent ly , i n c o l l a b o r a t i o n w i t h the A f r i c a n D e v e l o p m e n t B a n k / I C R I S A T P igeonpea
Pro jec t , m u l t i l o c a t i o n a l t r ia ls were conduc ted f o r several seasons (see M l i g o and M y a k a
1994, M l i g o 1995 , 1996) . Resul ts showed that sho r t -du ra t ion genotypes we re w i d e l y
adapted and gave y i e l ds o f 1.0-1.7 t ha - 1 , b u t p e r f o r m e d best a t loca t ions w i t h w a r m
temperatures (mean o f 2 5 ° C ) , where they y i e l ded 1.7-3.0 t ha - 1 . These are l ow -a l t i t ude areas
( 0 - 6 0 0 m ) , i.e. m o s t o f the Eastern Z o n e and areas a l o n g the coast. T h e h ighest y i e lde r was
I C P L 86005 , aga in a b rown-seeded genotype. S ince m o s t fa rmers pre fer wh i te -seeded
types, fu r the r w o r k was needed. A number o f p r o m i s i n g wh i te -seeded genotypes were
f o u n d , o f w h i c h t w o were se lected - I C P L 87091 ( w h i t e ) and I C P L 86005 ( b r o w n ) . These
select ions we re f u r t he r tested o n - f a r m to g i ve farmers the oppo r t un i t y to select a var ie ty ( ies)
they pre fer and enab le researchers to understand fa rmers ' se lec t ion c r i te r ia . Even tua l l y
I C P L 87091 was i d e n t i f i e d , pa r t i cu la r l y f o r cu l t i va t i on i n Eastern Z o n e . T h i s var ie ty has
n o w been re leased under the name K o m b o a - the f i r s t p igeonpea release in Tanzania .
Medium-duration genotypes
E v a l u a t i o n o f m e d i u m - d u r a t i o n genotypes started in the ear l y 1990s, w h e n a number o f
genotypes i n t r o d u c e d f r o m I C R I S A T were eva luated a t severa l loca t ions (resul ts repor ted
by M l i g o and M y a k a 1994, M l i g o 1995, 1996). I C P 7035 B gave h i g h y ie lds , bu t was
re jec ted due to i t s b r o w n co lo r . A s l i gh t l y w h i t e - c o l o r e d ve rs ion o f I C P 7035 was
deve loped , bu t aga in re jec ted due to i ts sma l l seed s ize. Fur ther eva lua t ion o f n e w genotypes
con t i nued . Recent ly , severa l p r o m i s i n g m e d i u m - d u r a t i o n genotypes have been i d e n t i f i e d ,
i n c l u d i n g : I C E A P 0 0 5 5 7 , I C P 12734, I C E A P 0 0 5 5 4 , I C E A P 0 0 0 6 8 , and I C E A P 0 0 5 5 0 .
T h e i r g ra in y i e l ds we re 1.0-1.6 t ha - 1 (Table 1). These genotypes are n o w under o n - f a r m
eva lua t ion i n the Sou the rn Z o n e ( I C E A P 0 0 5 5 7 , 0 0 5 5 4 , 0 0 0 6 8 ) and Eastern Z o n e ( I C E A P
0 0 0 6 8 ) .
O t h e r s tud ies o n m e d i u m - d u r a t i o n g e n o t y p e s i n c l u d e d i d e n t i f i c a t i o n o f h i g h -
y i e l d i n g l i n e s t o l e r a n t o f p o d b o r e r s i n a r ange o f e n v i r o n m e n t s i n the S o u t h e r n Z o n e .
P o d bo re rs are the m a j o r i n s e c t pests o f p i g e o n p e a a n d f a r m e r s n o r m a l l y d o n o t s p r a y ;
hence the i m p o r t a n c e o f g e n e t i c res is tance . I n t he 1 9 9 8 / 9 9 season n e w g e n o t y p e s w e r e
r e c e i v e d f r o m I C R I S A T - N a i r o b i a n d e v a l u a t e d u n d e r s p r a y e d a n d u n s p r a y e d
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Tab le 1 . P e r f o r m a n c e o f m e d i u m - d u r a t i o n pigeonpea genotypes a t Donga (506 m ) a n d
Nal iende le ( 1 2 0 m ) , 1998 /99 .
Ilonga Naliendele
Days to Days to Grain yield Days to Days to Grain yield
Genotype 50% flower 75% maturity (t ha-1) 50% flower 75% maturity (tha-1)
ICEAP 00068 94 160 1.0 146 181 1.0
ICEAP 00073 107 177 1.1 151 188 1.3
ICEAP 00540 102 151 0.9 146 182 0.9
ICEAP 00550 91 166 1.2 146 178 0.9
ICEAP 00551 91 157 0.9 146 181 0.9
ICEAP 00553 94 164 0.9 148 181 1.1
ICEAP 00554 98 160 1.2 146 172 1.0
ICEAP 00557 98 159 1.3 138 188 1.6
ICP 11298 106 164 0.7 149 170 1.3
ICP 12734 88 161 0.9 146 168 1.0
ICP 6927 89 165 0.7 131 182 1.0
ICEAP 00850 90 168 1.0 138 177 1.2
ICEAP 00911 91 176 1.2 138 154 1.2
ICPL 87051 88 169 0.7 114 184 0.8
Local check 113 169 0.3 148 178 0.9
Mean 96 164 0.8 142 178 1.0
SE± 1.33 1.31 82.03* 1.6*** 1.7** 48.47 ns
CV(%) 6.23 3.39 33.86 5.0 5.0 31.2
c o n d i t i o n s a t N a l i e n d e l e a n d N a c h i n g w e a research s ta t i ons . T h e r e w e r e s i g n i f i c a n t
d i f f e r e n c e s b e t w e e n g e n o t y p e s a t b o t h l o c a t i o n s . H o w e v e r , g r a i n y i e l d s f r o m s p r a y e d
p l o t s a t N a l i e n d e l e w e r e n o t v e r y d i f f e r e n t f r o m the u n s p r a y e d p l o t s , i n d i c a t i n g l o w
insec t a c t i v i t y t ha t year . I C E A P 0 0 9 0 2 , I C P 1 8 1 1 - E 3 , a n d I C E A P 0 0 7 7 2 gave the
h i g h e s t y i e l d s u n d e r s p r a y e d c o n d i t i o n s , 1.7-2.1 t ha - 1 . U n d e r u n s p r a y e d c o n d i t i o n s
I C E A P 0 0 9 0 7 a n d I C E A P 0 0 7 7 8 (1 .6 -1 .8 t h a 1 ) gave the h i g h e s t y i e l d s .
I C E A P 0 0 9 0 2 p e r f o r m e d w e l l a t bo th loca t ions under sprayed and unsprayed
cond i t i ons , i nd i ca t i ng some to lerance to p o d borers. H o w e v e r , fu r ther test ing is needed
before f i n a l conc lus ions can be d r a w n .
Long-duration genotypes
M u l t i n a t i o n a l t r ia ls o f l ong -du ra t i on p igeonpea started i n the 1992/93 season, bu t t o date
there has no t been m u c h progress i n i d e n t i f y i n g g o o d pe r fo rmers . G r a i n y ie lds i n mos t
seasons have averaged about 1 t ha - 1 w i t h comp le te fa i l u re in poo r seasons ( M l i g o and
M y a k a 1994, M l i g o 1995, 1996). T h e l o w y ie lds we re due t o t e rm ina l d rough t stress,
i nd i ca t i ng that we were no t w o r k i n g w i t h the appropr ia te genotypes. H o w e v e r , some o f the
newest genotypes have s h o w n some p romise , w i t h y i e l ds o f 1.3-1.8 t ha - 1 . These i nc lude :
I C E A P 0 0 0 2 0 , 0 0 0 4 0 , 0 0 7 9 0 , 0 0 5 6 1 and I C P 9145 (Tab le 2 ) . T h e f i rs t t w o are be ing tested
o n - f a r m in the N o r t h e r n , Cen t ra l , and Eastern Zones .
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T a b l e 2 . P e r f o r m a n c e o f long -dura t ion p igeonpea genotypes a t Na l iende le ( 1 2 0 m ) ,
1998 /99 .
Days to 50% Days to 95% Grain yield 100-seed mass
Genotype flower maturity (t ha-1) (g)
ICEAP 00020 157 186 1.3 17
ICEAP 00040 162 185 1.8 20
ICEAP 00053 157 189 1.4 16
ICEAP 00528 153 181 1.4 16
ICEAP 00560 162 196 1.2 17
ICEAP 00561 156 184 1.6 17
ICEAP 00790 151 182 1.7 14
ICEAP 00809 163 189 1.2 18
ICEAP 00932 165 195 1.4 19
ICEAP 00933 155 185 1.4 17
ICEAP 00934 151 182 1.3 14
ICP 13076 153 183 1.0 17
ICP 9145 157 183 1.4 15
ICEAP 00950 156 184 1.1 14
Local check 151 183 1.5 17
Mean 156.5 185.9 1.4 16.4
CV(%) 3.1 3.1 26.9 8.4
LSD (P = 0.05) 8.3 ns ns 2.3***
Germplasm screening for fusarium wilt resistance
I n Tanzan ia , the p igeonpea diseases o f economic i m p o r t a n c e i nc lude f u s a r i u m w i l t , l ea f
spot , p o w d e r y m i l d e w , Macrophomina s tem canker , and rust ( K a n n a i y a n e t a l . 1984) . In
surveys c o n d u c t e d in K i l o s a d is t r i c t i n 1988, i t w a s observed that w i l t was a m a j o r
cons t ra in t , w i t h i nc idence rang ing f r o m 1 0 % to 96 % on f a rmers ' f ie lds ( M b w a g a 1988) .
W i d e s p r e a d w i l t damage was also repor ted i n 1995. Disease inc idence ranged f r o m 10
t o 5 0 % i n f a r m e r s ' f i e l ds i n M o r o g o r o , Coast , a n d Tanga reg ions . S i m i l a r inc idence was
repor ted i n the m a j o r p i geonpea -g row ing areas o f Tanzan ia , w h i c h i nc lude M t w a r a and
L i n d i . A sc reen ing p r o g r a m f o r f usa r i um w i l t resistance was therefore in i t i a ted a t the I l o n g a
A g r i c u l t u r a l Research Ins t i tu te , us ing shor t - , m e d i u m - , and l ong -du ra t i on genotypes f r o m
I C R I S A T - P a t a n c h e r u , I nd i a .
M b w a g a ( 1 9 9 5 ) repor ted that a l l the shor t -du ra t ion l ines i n the t r i a l were suscept ib le t o
f u s a r i u m w i l t w h e n they we re p lan ted in a ho t spot in f a r m e r s ' f i e lds . In a later screen ing
t r i a l , one sho r t -du ra t i on genotype I C P 83024 was f o u n d t o have modera te resistance, w i t h
disease i nc idence o f 2 1 . 9 % ( M b w a g a 1996). H o w e v e r , s tudies conduc ted i n 1998 s h o w e d
that th is l i n e t o o was suscept ib le . W i l t inc idence was re la t i ve l y l o w i n 1998, p robab l y due t o
E I N i n o ra ins w h i c h con t i nued th roughou t the g r o w i n g season ( w i l t i s associated w i t h d r y
spel ls) . F i v e geno types were cons idered t o be resistant , w i t h less than 1 5 % w i l t . I C E A P
0 0 0 4 0 s h o w e d 0 % w i l t
Recen t sc reen ing f o r w i l t resistance l ooks f o r resistance c o u p l e d w i t h adapta t ion , y i e l d ,
a n d f a rmer accep tab i l i t y . T h i s approach was star ted i n 1999 w h e n 14 l ong -du ra t i on l ines
2 0 0
Tab le 3 . P e r f o r m a n c e o f pigeonpea genotypes in the w i l t resistance screening t r i a l ,
I longa , 1999 .
Days to Wilt Grain yield 100-seed mass
Genotype * 50% flower incidence (%) (t ha-1) (g)
ICEAP 00020 115 10.9 2.3 23.1
ICEAP 00040 113 0.0 1.9 25.8
ICEAP 00053 123 5.6 2.0 19.2
ICEAP 00528 112 3.5 1.9 19.1
ICEAP 00560 105 6.7 2.1 17.7
ICEAP 00561 106 4.2 1.9 18.4
ICEAP 00790 105 31.7 1.6 18.3
ICEAP 00809 108 18.2 1.7 17.5
ICEAP 00932 111 15.3 2.0 22.7
ICEAP 00933 109 16.1 2.2 20.7
ICEAP 00934 115 5.9 2.2 24.4
ICP 13076 105 16.9 1.6 23.0
ICP 9145 114 11.3 1.7 18.2
ICEAP 00950 122 2.0 2.7 19.0
Local check - 30.9 - -
Mean 104.3 12.0 1.9
SE± 4.3 1.9 0.1
* Number of plants: 16-19 plants of each genotype
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f r o m I C R I S A T - N a i r o b i p lus a loca l check we re p lan ted at a f u s a r i u m h o t spot a t I l o n g a
Research Ins t i tu te . W i l t inc idence was genera l ly l o w d u r i n g the season, r a n g i n g f r o m 3 9 . 9 %
i n the l oca l va r ie ty t o 0 % i n I C E A P 0 0 0 4 0 (Tab le 3 ) . F o r the past three seasons I C E A P
0 0 0 4 0 has cons is tent ly s h o w n the lowes t f usa r i um w i l t i nc idence , a long w i t h o ther des i rab le
character is t ics such as large seeds. O n - f a r m tes t ing in the N o r t h e r n Z o n e has s h o w n i t i s
h i g h l y acceptable to fa rmers . I t appears to be super ior to the ear l ie r i d e n t i f i e d w i l t - res is tan t
geno type I C P 9145 ( w h i c h i s ac tua l ly modera te l y resistant) i n te rms o f g ra in y i e l d a n d seed
size. P lans are unde rway to propose the release o f I C E A P 0 0 0 4 0 .
Agronomy Research
Short-duration pigeonpea spacing studies
W h e n short du ra t i on p igeonpea ge rmp lasm was i n t roduced i n Tanzan ia f r o m I C R I S A T ,
I C R I S A T recommenda t ions on spacing ( I C R I S A T 1985, 1986) were adop ted , i .e. ve ry
c lose ly spaced r o w s (30 x 10 c m ) . Howeve r , smal l -sca le fa rmers in Tanzan ia w i l l no t accept
ve ry n a r r o w spacings because c lose ly spaced r o w s are d i f f i c u l t to w e e d , espec ia l l y w h e n a 
hand hoe i s used. An exper imen t was therefore conduc ted a t I l o n g a ( w e t e n v i r o n m e n t ) and
H o m b o l o (d ry env i r onmen t ) i n 1993,1994, and 1995. T h e resul ts were repo r ted by M l i g o
and M y a k a (1994 ) and M y a k a and S i l i m (1997) . Response o f shor t -dura t ion p igeonpea t o
i n t e r - r o w spac ing was d i f fe ren t i n the t w o env i ronmen ts ; d i f fe ren t env i ronmen ts there fore
requ i re d i f f e ren t spac ing recommenda t ions . T h e expe r imen t a lso s h o w e d that i n we t , l o w -
a l t i t ude env i r onmen ts , i n t e r - r o w spac ing as w i d e as 60 cm c o u l d be used w i t h o u t s ign i f i can t
y i e l d r e d u c t i o n ( M y a k a a n d S i l i m 1997) .
Intercropping studies
Intercropping short-duration pigeonpea with sorghum. An e x p e r i m e n t was conduc ted to
de te rm ine the e f fec t o f i n te rc ropp ing on ove ra l l p roduc t i v i t y . S o r g h u m var ie ty Tegemeo and
shor t -du ra t i on p igeonpea I C P L 86005 we re in te rc ropped a t va r ious patterns a t I l o n g a and
H o m b o l o i n 1989, 1990, and 1 9 9 1 . T h e resul ts we re repor ted b y M y a k a (1994 ) .
New cropping system for short-duration pigeonpea. S ince shor t -dura t ion p igeonpea was
a n e w c r o p , i t was impo r t an t to de te rmine the o p t i m a l i n t e r c ropp ing pat te rn . I C P L 86005
was i n te rc ropped w i t h c o w p e a o r e a r l y - m a t u r i n g ma ize a t d i f f e ren t pat terns in the short
ra ins a t M l i n g a n o i n 1994/95. D u r i n g the l o n g ra ins , i t was in te rc ropped w i t h e i ther co t ton
o r l a t e -ma tu r i ng ma ize . Resul ts were repor ted by M y a k a (1996 ) . P igeonpea in te rc ropped
w i t h e a r l y - m a t u r i n g ma ize d u r i n g the shor t ra ins f o l l o w e d by a ra toon c r o p in te rc ropped
w i t h co t t on i n the m a i n ra ins p roduced h i g h re turns . I C P L 86005 s h o w e d p o o r ra toonab i l i t y .
F o r the n e w sys tem to succeed, a shor t -dura t ion p igeonpea w i t h g o o d ra toon ing ab i l i t y
needs to be i d e n t i f i e d ( M y a k a 1996).
Insect Pest Studies on Short-Duration Pigeonpea
Shor t -du ra t i on p igeonpea is suscept ib le to insect pests. T w o studies on pest con t r o l have so
fa r been c o n d u c t e d :
• E f f e c t o f s o w i n g date and insect ic ide app l i ca t i on on y i e l d
• Spray schedule f o r shor t -dura t ion p igeonpea.
Effect of sowing date and insecticide application on yield
T r i a l s w e r e conduc ted a t I l o n g a and G a i r o i n 1 9 9 3 , 1 9 9 4 , and 1995 (see M l i g o and M y a k a
1994, M y a k a 1 9 9 5 , 1 9 9 6 ) . La te s o w i n g reduced p o d bores bu t increased the inc idence o f
p o d - s u c k i n g bugs . T h e reduced p o d borer ac t i v i t y was due to l o w e r temperatures
(co r re la t i on analys is s h o w e d that 9 3 % o f the va r i a t i on i n p o d borer damage c o u l d be
accoun ted f o r b y va r i a t i on i n m i n i m u m tempera ture) . H o w e v e r , reduced borer ac t i v i t y
c o i n c i d e d w i t h a pe r i od o f t e rm ina l d rough t , and thus was no t re f lec ted in the f i n a l y i e l d .
The re fo re th is advantage c o u l d o n l y be use fu l to va l l ey b o t t o m c rops that su rv i ve under
res idua l m o i s t u r e .
Spray schedule for short-duration pigeonpea
Insect pests are m o s t c r i t i ca l d u r i n g the rep roduc t i ve stage o f the c rop . Sp ray i ng i s
r e c o m m e n d e d s tar t ing a t f l o w e r i n g , c o n t i n u i n g a t 10-day in te rva ls t h roughou t the
reproduct ive stage. Due to the long pod- f i l l i ng per iod, up to four sprays are needed M o s t fa rmers
2 0 2
T a b l e 4 . E f fec t o f spray schedule o n p o d b o r e r a n d pod-suck ing b u g d a m a g e o n pods o f
s h o r t - d u r a t i o n pigeonpea, I longa , 1997 .
No. of pods per 20 pods No. of pod borer
with pod borer holes, holes per 20 pods. % pod-sucker damage
Spray schedule square root transformation square root transformation arc sine transformation
1 3.6 5.2 5.3
2 0.5 0.5 2.8
3 1.5 2.1 2.2
4 0.7 1.2 2.6
5 0.6 0.9 2.5
6 2.0 3.1 2.7
7 0.6 0.6 2.0
SE± 0.26** 0.36** 0.22**
Spray schedule: 
No insect ic ide spray (contro l )
3 sprays start ing at 5 0 % f lower ing , then at 10-day intervals
2 sprays start ing at 5 0 % f lower ing , then after 10 days
2 sprays start ing at 5 0 % f lower ing , then after 20 days
2 sprays start ing at 10 days after 5 0 % f l owe r i ng , then after 10 days
1 spray at 5 0 % f l owe r i ng
1 spray at 10 days after 5 0 % f lower ing
canno t a f f o rd th i s ; and in any case repeated sprays m a y be uneconomica l . An expe r imen t
was there fore in i t i a ted in 1997 to deve lop a spray r e g i m e w i t h f e w e r sprays by ta rge t ing the
m o s t c r i t i c a l stage. I C P L 87091 was used w i t h 1 to 3 sprays a t d i f fe ren t t imes (Tab le 4 ) .
D a m a g e due to p o d borers and pod -suck i ng bugs was assessed a t the p o d d i n g stage 75 days
after p lan t ing . Data were transformed as appropriate and subjected to analysis of var iance.
The re was h i g h l y s ign i f i can t d i f fe rence be tween t reatments (P<0 .01 ) , fo r damage due to
b o t h types o f pest. Insect ic ide app l i ca t i on s i gn i f i can t l y reduced damage by b o t h p o d borers
and p o d - s u c k i n g bugs (Table 4 ) . Th ree sprays a t 10-day in terva ls was me mos t e f fec t ive
against p o d borers , bu t d i d no t show any advantages over other t reatments in reduc ing
damage by p o d - s u c k i n g bugs.
T h e results show that i f t w o sprays are used, the f i rs t spray shou ld be de layed un t i l 10 days
after 5 0 % f l ower ing . I f on ly a single spray is used, i t should be done 10 days after 5 0 %
f l o w e r i n g .
On-Farm Research
O n - f a r m research act iv i t ies are descr ibed i n de ta i l by L y i m o and M y a k a e lsewhere i n these
proceed ings .
Pigeonpea Seed Production
T h e p igeonpea seed p roduc t i on sys tem in Tanzan ia is s im i l a r to that f o r o ther c rops. Once a 
va r ie ty i s released by the Var ie ty Release and Seed P roduc t i on C o m m i t t e e o f the M i n i s t r y o f
A g r i c u l t u r e and Cooperat ives, var ie ty ma in tenance i s the respons ib i l i t y o f the breeder o f the
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i n s t i t u t i on that deve loped the var ie ty . M u l t i p l i c a t i o n i s n o r m a l l y ass igned to one o f the f o u r
f o u n d a t i o n seed fa rms . T h i s f o u n d a t i o n seed i s supposed to be purchased by the Tanzan ia
Seed C o m p a n y (Tanseed) w h i c h contracts farmers to produce cer t i f i ed seed f o r sale to
fa rmers .
H o w e v e r , Tanseed has d i f f i c u l t y p r o d u c i n g adequate quant i t ies o f c e r t i f i e d seed. T h i s ,
together w i t h a p o o r d i s t r i bu t i on sys tem, has l e d to unava i l ab i l i t y o f seed and thus p o o r
a d o p t i o n o f i m p r o v e d var iet ies o f m a n y c rops . T h e M i n i s t r y o f A g r i c u l t u r e then a l l o w e d
p r i va te seed compan ies to operate, bu t th is has no t so l ved the p r o b l e m because p r i va te
compan ies focus on l a rge -vo lume c rops such as ma ize . T h e y are no t in terested in h a n d l i n g
s m a l l quant i t ies o f se l f -po l l i na ted c rops such as p igeonpea.
O n e so lu t i on i s t o p r o m o t e c o m m u n i t y - b a s e d seed p roduc t i on and d i s t r i b u t i o n . H i g h
q u a l i t y seed o f i m p r o v e d released var ie t ies o f p igeonpea c o u l d be p r o d u c e d o n - f a r m by
f a r m e r g roups that later c o u l d be reg is tered as seed g r o w e r associat ions or cooperat ives .
R u r a l p r i m a r y schools are another poss ib i l i t y - such schools are f o u n d at least every 7 0 - 1 0 0
k m , and c o u l d be encouraged to become seed p r o d u c t i o n and d i s t r i bu t i on centers. T h i s
approach has worked wel l w i th sorghum varieties in Central Zone, and could be extended to p igeonpea.
Plans are unde rway f o r a p i l o t p ro jec t in the Cen t ra l Z o n e , p r o d u c i n g p igeonpea seed on
a c o m m e r c i a l basis t h rough a c o m m u n i t y - b a s e d p r o d u c t i o n and d i s t r i bu t i on sys tem. T h i s
p ro jec t w i l l t ie i n w i t h so rghum seed p r o d u c t i o n . H o w e v e r , imp lemen ta t i on w i l l have t o wa i t
u n t i l var ie t ies adapted to Cent ra l Z o n e are i d e n t i f i e d and released. A c c o r d i n g to Tanzan ian
law, qua l i t y and p u r i t y test ing by the Tanzan ia O f f i c i a l Seed Ce r t i f i ca t i on A g e n c y ( T O S C A )
i s manda to ry before seed can be so ld . A n d T O S C A handles var ie t ies o n l y af ter they have
been released and reg is tered.
E v e n w i t h a seed sys tem in p lace , the success o f p igeonpea p r o m o t i o n w i l l depend on
the d e v e l o p m e n t o f marke ts f o r surp lus p igeonpea ob ta ined f r o m increased p r o d u c t i o n .
T h u s l i nkages w i t h t raders w i l l have to be estab l ished.
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On-Station Research, Technology Exchange, and
Seed Systems for Pigeonpea in Uganda
H Okurut-Akol, J E Obuo, J R Omadi, A Eryenyu, and D A Okwang
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Introduction
Pigeonpea i s an i m p o r t a n t f o o d l egume in U g a n d a , espec ia l l y i n the nor thern and eastern
parts ; i t i s a lso g r o w n in o ther parts o f the coun t r y as a b a c k y a r d c rop ( A r e k e e t a l . 1995,
O b u o and O k u r u t - A k o l 1995) . I t i s g r o w n m a i n l y f o r i ts g ra i n - w h o l e seeds are eaten in
green or d r y f o r m , or sp l i t peas are c o o k e d to f o r m a homogeneous paste (dhat) . P igeonpea
is also impo r t an t i n the f a n n i n g sys tem, en r i ch i ng the so i l w h e n used i n ro ta t i on o r m i x e d
c ropp ing . T h e p lan t a lso p rov ides f u e l w o o d , a n i m a l f eed , and cons t ruc t ion mate r ia l , and can
serve as a w i n d b r e a k to p reven t so i l e ros ion ( A r e k e e t a l . 1995) . T h e c rop is no t i r r iga ted
and i s o f ten in te rc ropped w i t h cereals ( m a i n l y m i l l e t ) and g r o u n d n u t ( U g e n and S i l i m 1995,
A r e k e e t a l . 1995) .
Desp i te i ts impo r tance and l o n g h is to ry o f c u l t i v a t i o n i n U g a n d a , p igeonpea p roduc t i on
and p roduc t i v i t y have rema ined l o w and res t r ic ted to the no r the rn parts o f the count ry . T h i s
i s m a i n l y due to l ack o f i m p r o v e d cu l t i va rs , shortage o f seed, prevalence o f pests and
diseases, and l ack o f i m p r o v e d ag ronomic and postharvest techno log ies acceptable to
farmers (Esele 1995, A r e k e e t a l . 1995, U g e n and S i l i m 1995 , S i l i m N a h d y e t a l . 1994) .
M a n y fa rmers in te rc rop p igeonpea w i t h m i l l e t bu t do no t do i t cor rec t ly . Pests are preva lent
bu t chemica l con t ro l i s n o t used. Farmers g r o w l o w - y i e l d i n g landraces that take 180-300
days to mature . Research w o r k in Serere therefore a i m e d a t address ing these constra ints .
On-Station Research
Breed ing l ines f r o m I C R I S A T were eva luated f o r adapta t ion and y i e l d i n order t o i den t i f y
adaptable, h i g h - y i e l d i n g shor t - and m e d i u m - d u r a t i o n mate r ia l s w i t h acceptable at t r ibutes.
Pest management t r ia ls were a imed at i d e n t i f y i n g l ines that c o u l d to lerate pest at tacks. T h e
ob jec t ive o f c r o p p i n g systems t r ia ls was to i den t i f y the best i n te rc rop comb ina t i on fo r short -
stature p igeonpea l ines and the o p t i m u m spat ia l a r rangement f o r p igeonpea/mi l l e t
in tercrops.
Variety trials
Pigeonpea l ines f r o m three ma tu r i t y groups (shor t -du ra t ion , ea r l y - to m e d i u m - d u r a t i o n , and
med ium-du ra t i on ) we re evaluated a t S A A R I i n 1998 f o r y i e l d and adaptat ion. I n add i t i on ,
20 genotypes were eva luated under sprayed and unsprayed cond i t i ons to determine insect
pest resistance. In each t r i a l , a r andom ized comp le te b l o c k des ign was used w i t h three
1. Serere Agr icu l tu ra l and A n i m a l Product ion Research Inst i tute ( S A A R I ) , PO Sorot i , Uganda
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repl icates. Each p l o t cons is ted of 4 r o w s , 5 m l o n g , bu t spac ing was d i f fe ren t f o r each
m a t u r i t y g roup . T h e t r ia ls - except f o r the unsprayed t rea tment in the insect resistance t r i a l
- we re sprayed w i t h insec t ic ide three t imes to con t r o l pests a t f l o w e r i n g , p o d d i n g , and p o d
f i l l i n g . N o fe r t i l i ze rs we re app l i ed . W e e d i n g b y hoe was d o n e th r i ce and p lants t h i nned t o
one p lan t per ho le . A t m a t u r i t y net p lo ts were harvested. D a t a w e r e sub jec ted t o analys is o f
var iance ( A N O V A ) us ing Genstat 5 .
Short-duration pigeonpea. Four teen shor t -dura t ion p igeonpea l ines were eva luated.
Spac ing was 60 x 30 c m . I C P L 87091 was used as a c o n t r o l . T h e r e we re no s ign i f i can t
d i f ferences a m o n g the entr ies i n emergence o r i n days to ma tu r i t y . F l o w e r i n g ranged f r o m 56
to 61 days and ma tu r i t y f r o m 95 t o 105 days. I C P L 86012 and I C P L 87105 (95 and 97 days)
were the ear l iest t o ma tu re , w h i l e I C E A P 0 0 3 3 6 , I C P L 9 3 0 2 7 , and I C P L 9 3 0 4 7 (105 days)
were the latest to mature . G r a i n y ie lds ranged f r o m 1.2 to 1.9 t ha - 1 . I C E A P 0 0 5 3 5 gave the
h ighest y i e l d and I C P L 93047 the l owes t . M o s t o f the entr ies o u t y i e l d e d the c o n t r o l , I C P L
8 7 0 9 1 .
Early- to medium-duration pigeonpea. E igh teen ear ly - to m e d i u m - d u r a t i o n p igeonpea
l ines were evaluated. Spac ing was 100 x 50 c m . I C P L 8 7 0 9 1 a n d K a t 60 /8 were used as
cont ro ls . A l l entr ies emerged i n 6-7 days and f l o w e r e d i n 6 2 - 6 9 days . I C P L 87091 was the
earl iest and I C E A P 0 0 4 3 6 the latest to f lower . M a t u r i t y ranged f rom 103 to 118 days. K a t
50 /3 (103 days) was the ear l iest and K a t 60 /8 (118 days) the latest . T h e 100-seed mass
ranged f rom 8.9 to 11.4 g . I C P L 8 7 0 9 1 had the smal les t seeds a n d I C E A P 00723 the largest.
G r a i n y ie lds ranged f rom 1.05 to 1.70 t ha -1 . I C E A P 0 0 4 3 1 gave the h ighest y i e l d - 3 8 %
m o r e than I C P L 87091 and 2 5 % m o r e than K a t 60 /8 . I C E A P 0 0 4 3 6 and I C P L 87091 (1 .05
and 1.06 t ha -1) gave the l owes t y i e l ds .
Medium-duration pigeonpea. F i f teen m e d i u m - d u r a t i o n p igeonpea l ines were eva luated.
Spac ing was 100 x 50 c m . T h e entr ies f l o w e r e d in 75 -93 days . T h e ear l iest to f l o w e r (75
days) were I C E A P 0 0 5 4 0 , I C E A P 0 0 5 5 0 , I C E A P 0 0 5 5 3 , and I C P 6 9 2 7 . I C E A P 00073 (93
days) was the latest to f l owe r . M a t u r i t y ranged f rom 113 to 126 d a y s ; aga in I C E A P 00073
was the latest t o matu re (126 days) . T h e h ighest y ie lders we re I C E A P 0 0 5 5 0 and I C E A P
00068 , w i t h 1.39 and 1.38 t ha - 1 respect ive ly . T h e lowes t y i e l d , 7 3 9 kg ha - 1 , was ob ta ined
f r o m I C P 11298.
Resistance to insect pests. T w e n t y p igeonpea l ines were eva lua ted f o r pe r fo rmance under
sprayed and unsprayed cond i t i ons . C h e m i c a l pest ic ide was sprayed th r ice , a t f l o w e r i n g ,
p o d d i n g , and p o d f i l l i n g . Resul ts are s h o w n in Table 1 . In the unsprayed t reatment insect
pests reduced g ra in y i e l ds cons iderab ly , b u t I C P 12734, I C E A P 0 0 8 6 0 , I C E A P 0 0 9 0 2 , and
I C P 6927 pe r f o rmed re la t i ve l y w e l l , bet ter than the con t ro l K a t 6 0 / 8 . I C P 12734 pe r f o rmed
w e l l under bo th sprayed and unsprayed s i tuat ions, w i t h m o r e than d o u b l e the y i e l d o f Ka t
60 /8 in each t reatment .
Pigeonpea cropping systems
Short-duration pigeonpea intercropping trial 
I C P L 87091 was in te rc ropped w i t h beans, g roundnu t , g reeng ram, a n d f i nge r m i l l e t , w i t h 9 
t reatment comb ina t i ons : 4 sole c rops and 5 in tercrops, i.e. p igeonpea w i t h each of these
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crops. T h e p lo ts were l a i d ou t in a c o mp l e t e l y r andomized b l o c k des ign w i t h three
rep l i ca t ions , size 5 x 4 m. T h e f o l l o w i n g spacings were used: p igeonpea 60 x 30 c m , beans
60 x 20 c m ; greengram 60 x 30 c m , g roundnu t 60 x 5 c m , f inger m i l l e t 60 x 5 c m .
Da ta were subjected t o analysis o f var iance ( A N O V A ) . Resul ts ob ta ined w i t h the
fa rmers ' m e t h o d ( w h i c h was used as a con t ro l ) we re then compared w i t h va r ious i n te rc rop
comb ina t i ons . T h e comb ina t ions we re eva luated i n terms o f y i e l d as w e l l as L a n d
E q u i v a l e n t Rat ios ( L E R s ) .
Resul ts are shown in Tables 2 and 3 . T h e h ighest p igeonpea y ie l ds we re recorded f r o m
sole p igeonpea f o l l o w e d by the p igeonpea/g reengram and p igeonpea /m i l l e t in te rc rops . T h e
p igeonpea/groundnut in tercrop gave the lowes t y ie lds . A l l in tercrops gave L E R s h igher than
one , i nd i ca t i ng the y i e l d advantage f r o m p igeonpea i n te rc ropp ing . T h e h i g h L E R o f the
pigeonpea/beans in te rc rop suggests the su i tab i l i t y o f I C P L 87091 as an in te rc rop w i t h
beans.
Pigeonpea/millet spatial arrangement intercropping trial 
T h e s tudy was conduc ted d u r i n g the f i r s t ra ins o f 1998 and 1999 us ing t w o i m p r o v e d
released var iet ies. P igeonpea SEPI -1 ( K a t 60 /8 ) was in te rc ropped w i t h f i nge r m i l l e t Pese 1 .
N i n e spat ia l arrangements were inves t iga ted :
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T a b l e 1 . G r a i n y ie ld ( k g ha
- 1
) o f 2 0 p igeonpea l ines u n d e r s p r a y e d a n d u n s p r a y e d
condi t ions, S A A R I , 1998.
Entry Sprayed yield Unsprayed yield
ICP 12734 2552 1510
ICP 6927 1975 1165
ICP 7035W 1198 471
ICP 87051 1906 971
ICEAP 00068 1640 335
ICEAP 00771 1113 298
ICEAP 00772 1998 1090
ICEAP 00775 1746 929
ICEAP 00778 1337 567
ICEAP 00902 2419 1275
ICEAP 00907 2104 823
ICEAP 00889 1642 906
ICEAP 00840 2238 1142
ICEAP 00860 2095 1231
Kat 60/8 1075 715
ICP 8102-5-51 1000 750
PPE 45 1817 518
ICP 1811-E3 1269 569
ICP 332 1825 731




CV and SED for yields in 1998 and 1999 were as follows:
Pigeonpea Beans Greengram Groundnut Millet
98 99 98 99 98 99 98 99 98 99
CV (%) 28.4 17.1 29.2 8.3 32.6 30.9 11.6 24.8 19.6 27.5
SED 231.6 124 184.2 55.4 86.8 61.6 19.0 104.0 179.1 185.0
Tab le 3 . L a n d equiva lent rat ios ( L E R ) f o r d i f fe rent c rop combinat ions, S A A R I , f i rs t
ra ins 1998 a n d 1999 .
Treatment LER in 1998 LER in 1999
Pigeonpea Other crop Total Pigeonpea Other crop Total
Sole pigeonpea 1.0 1.0 1.0 1.0
Pigeonpea/greengram 0.81 0.62 1.43 0.56 0.73 1.29
Sole greengram 1.0 1.0 1.0 1.0
Pigeonpca/beans 0.73 0.48 1.21 0.58 0.53 1.11
Sole beans 1.0 1.0 1.0 1.0
Pigconpca/groundnut 0.54 0.70 1.24 0.45 0.65 1.10
Sole groundnut 1.0 1.0 1.0 1.0
Pigeonpea/finger millet 0.70 0.74 1.44 0.60 0.52 1.12
Sole finger millet 1.0 1.0 1.0 1.0
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Tab le 2 . Y ie lds f r o m var ious sole a n d in tercrop combina t ions , S A A R I , f i rst ra ins 1998
a n d 1999.
Treatment Yield (kg ha-1) in 1998 Yield (kg ha-1) in 1999
Pigeonpea Other crop Pigeonpea Other crop
Sole pigeonpea 1319 2548
Pigeonpea/greengram 1062 250 1424 234
Sole greengram 404 320
Pigeonpea/beans 969 500 1472 200
Sole beans 1046 380
Pigeonpea/groundnut 718 162.8 1156 552
Sole ground nut 233.4 846
Pigeonpea/finger millet 926 646 1524 554
Sole finger millet 878 1070
1 . S ing le r o w s o f p igeonpea a t 60 x 30 cm a m o n g broadcast m i l l e t
2 . S ing le p igeonpea r o w s a t 40 x 30 cm
3. Pa i red p igeonpea r o w s a t 60 x 30 cm spaced 150 cm apart a m o n g broadcast m i l l e t
4 . Pa i red p igeonpea r o w s a t 40 x 30 cm spaced 2 0 0 cm apart a m o n g broadcast m i l l e t
5 . Th ree p igeonpea r o w s a t 60 x 30 cm spaced 150 cm apart a m o n g broadcast m i l l e t
6 . Th ree p igeonpea r o w s a t 40 x 30 cm spaced 2 0 0 cm apart a m o n g broadcast m i l l e t
7 . Broadcast p i geonpea /m i l l e t i n te rc rop ( f a rmer p rac t i ce )
8 . Broadcas t sole m i l l e t ( f a rmer pract ice)
9 . Sole p igeonpea a t 60 x 30 cm ( recommended m e t h o d f o r sole p igeonpea) .
T h e expe r imen t was ar ranged in a comp le te l y r a n d o m i z e d b l o c k des ign w i t h three
rep l i ca t ions , w i t h p l o t s ize o f 6 x 10 m. P igeonpea was p lan ted a t a spac ing o f 60 x 30 cm
and th inned to 1 p lan t pe r h o l e , g i v i n g an expected popu la t i on o f 55 ,556 p lants ha -1 . T h e
plants were p ro tec ted against insect pest at tack by f o u r sprays o f D ime thoa te ( 4 0 0 g a. i .
ha - 1) . At c r o p m a t u r i t y / d r y i n g , pods were harvested from a net p l o t of 4 x 8 m in each p lo t .
T h e pods were d r i e d and threshed and g ra in w e i g h t per p l o t measured to ca lcu la te g ra in
y i e l d i n k g ha - 1 .
Da ta we re sub jec ted t o analys is o f var iance ( A N O V A ) . Resul ts f r o m the f a rmers '
pract ice (used as c o n t r o l ) we re compared w i t h the new methods o f p lan t spat ia l ar rangement
us ing Standard E r r o r o f D e v i a t i o n ( S E D ) . L E R s were also used f o r c o m p a r i n g d i f fe ren t
t reatments. Resul ts are s h o w n in Tables 4 and 5.
Pa i red r o w s 60 x 30 cm spaced 150 cm apart a m o n g broadcast f i nge r m i l l e t gave the
highest g ra in y i e l d per hectare, f o l l o w e d by s ing le r o w s o f p igeonpea a t 60 x 30 cm a m o n g
broadcast m i l l e t . T h e l owes t y i e l d was obta ined f r om broadcast p igeonpea /mi l l e t . L E R was
highest i n pa i red r o w s o f 60 x 30 cm spaced 150 cm apart a m o n g broadcast m i l l e t .
Broadcast p igeonpea /m i l l e t ( fa rmer pract ice) gave the lowes t L E R .
Conclusions
I m p r o v e d p igeonpea genotypes genera l ly ou ty ie lded the loca l var ie t ies (250 -400 kg ha -1) as
was also repor ted by A r e k e et a l . (1995) . Howeve r , there is a need to repeat the t r ia ls to
ensure consis tency o f pe r fo rmance in the i m p r o v e d l ines. There we re impress ive i n d i v i d u a l
plants f rom w h i c h s ing le p lan t select ions were made. These w i l l be p lan ted in N a i r o b i
Un ive rs i t y , M a k e r e r e U n i v e r s i t y , and S A A R I f o r fu r ther eva lua t ion .
Eva lua t i on under sprayed and unsprayed cond i t i ons ind ica ted that some l ines have
promise . T h e t r ia ls need to be repeated to c o n f i r m th is p romise . Genet ic resistance to insect
pests i s pa r t i cu la r l y i m p o r t a n t to smal lho lder fa rmers , w h o canno t a f f o rd insect ic ides.
N o r m a l f a r m e r prac t ice i s t o in te rc rop p igeonpea w i t h cereals by broadcast ing b o t h
crops. T h i s makes i t d i f f i c u l t t o car ry ou t pest con t ro l espec ia l ly on p igeonpea. T h e new
m e t h o d o f p l an t i ng pa i red r o w s o f p igeonpea a m o n g broadcast m i l l e t w i l l no t on l y increase
y ie lds bu t a lso m a k e i t easier to spray p igeonpea ( increased y ie lds in th is system may m a k e
spray ing cos t -e f fec t ive) . H o w e v e r , fa rmer-acceptab i l i t y o f th is sys tem is ye t to be tested.
K a t 60 /8 and I C P L 8 7 0 9 1 were released fo r cu l t i va t i on i n U g a n d a i n 1999 as S E P I 1 and
S E P I 2 respect ive ly . S A A R I ear l ier m u l t i p l i e d some seed o f these var iet ies th rough contract
farmers i n L i r a and A p a c d is t r ic ts . T h i s seed was d is t r ibu ted t o fa rmers t h rough AT Uganda
and Sasakawa G l o b a l 2 0 0 0 . H o w e v e r , there i s no establ ished seed system fo r p igeonpea in
Uganda . I t i s i m p o r t a n t to strengthen the i n f o r m a l seed sector in order to a l lev iate
widespread seed shortages.
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M a l a w i i s one o f the largest p roducers o f p igeonpea i n A f r i c a . P igeonpea con t r ibu tes
d i rec t l y t o the economic d e v e l o p m e n t o f the coun t ry , i n terms o f f o o d secur i ty and n u t r i t i o n ,
n i t r ogen f i x a t i o n and nu t r ien t r e c y c l i n g , d r o u g h t t o le ra rce , and i ts adaptab i l i t y t o p o o r so i ls .
I n add i t i on , because o f h i g h l o c a l d e m a n d and g o o d expor t po ten t i a l , p igeonpea can
generate cash i n c o m e and thus h e l p a l lev ia te pover ty .
P igeonpea y ie lds in M a l a w i are s t i l l ve ry l o w , averag ing about 4 5 0 kg ha - 1 - less than
2 5 % o f the po ten t ia l y i e l d . H o w e v e r , research e f for ts d u r i n g the past decade o r so have led
to the deve lopmen t o f i m p r o v e d techno log ies i n c l u d i n g var iet ies that have been accepted by
the marke t and by f a r m i n g c o m m u n i t i e s . E f fo r t s are cur ren t l y geared towards p r o d u c i n g
m o r e seed o f these i m p r o v e d var ie t ies .
T h e constra ints t o p igeonpea p r o d u c t i o n i n M a l a w i i nc lude :
• Inadequate seed ava i l ab i l i t y o f i m p r o v e d var iet ies
• Inadequate i m p r o v e d var ie t ies w i t h des i rab le qual i t ies
• S o i l - and seedborne diseases ( F u s a r i u m w i l t and Cercospora leafspot ) , insect pests (pod
borer Helicoverpa armigera and pod-sucking bugs Clavigralla spp and Nezara viridula) 
• Poor so i l f e r t i l i t y coup led w i t h p o o r cu l t u ra l pract ices
• Poor marke t in f ras t ruc ture
• I ne f f i c i en t mechan isms f o r t echno logy transfer.
Pigeonpea Research in Malawi
Organ ized research o n p igeonpea i n M a l a w i started i n 1981 w i t h F A O suppor t , and was
boosted i n 1989 w i t h a co l l abo ra t i ve p r o g r a m w i t h I C R I S A T . I n 1992, the N A R S - I C R I S A T
par tnersh ip fu r ther expanded w i t h the Eastern and Southern A f r i c a P igeonpea I m p r o v e m e n t
Pro ject . T h e pro jec t has deve loped a range o f i m p r o v e d p roduc t i on techno log ies i n c l u d i n g
i m p r o v e d , adaptable, h i g h y i e l d po ten t ia l cu l t i va rs i n a l l du ra t i on g roups , a l o n g w i t h
accompany ing p roduc t i on pract ices.
M o s t var iet ies g r o w n by fa rmers i n M a l a w i are l o w - y i e l d i n g , l ong -du ra t i on types that
are in te rc ropped w i t h staple f o o d c rops . F o u r key p r o b l e m areas i nc lude : dec l i ne i n so i l
f e r t i l i t y , f o o d insecur i ty , pover ty , and l a c k o f c rop d i ve rs i f i ca t i on . Cor respond ing ly , the
1. National Research Coordinator for Legumes, Fibres and Oilseeds, Department of Agricultural Research,
Chitedze Research Station, PO Box 158, Lilongwe, Malawi
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b r o a d N A R S research ob jec t i ves are to deve lop strategies t o :
• E x p a n d p igeonpea p r o d u c t i o n w i t h i n a shor t pe r i o d o f t i m e
• Increase adop t ion rates
• S t imu la te expor t o f p igeonpea and p igeonpea produc ts .
T h e speci f ic research ob jec t i ves are t o :
• Develop varieties w i t h mul t ip le traits (h igh y ie ld potential, w i l t resistance, consumer-preferred
seed qua l i t ies , adap tab i l i t y to non- t rad i t i ona l p igeonpea g r o w i n g env i ronmen ts ) i n a l l
three ma tu r i t y g roups , ta i l o red to the var ious c r o p p i n g env i r onmen ts
• D e v e l o p appropr ia te p r o d u c t i o n techno log ies i n c l u d i n g a g r o n o m i c pract ices, in tegrated
pest and disease management , and postharvest storage.
Available Technologies
Research in M a l a w i started w i t h test ing the t rad i t iona l l ong -du ra t i on p igeonpea p lan ted in
N o v / D e c and harvested f r om A u g onwards . F r o m 1986, shor t - and med ium-du ra t i on
var iet ies have been selected that can produce f resh pods and d r y g ra in ove r a longer pe r i od
than f o rmer l y poss ib le . A l t h o u g h shor t -dura t ion p igeonpea i s po ten t i a l l y ve ry h i g h -
y i e l d i n g , i t i s also especia l ly p rone to f l o w e r and p o d pests, and requi res several pest ic ide
sprays to pro tect y i e l d . M a n y smal lho lders cannot a f f o rd to spray. In add i t i on , short-
du ra t ion variet ies are not su i table f o r i n te rc ropp ing w i t h ma ize because o f c rop compe t i t i on .
Pest management research since 1981 has focused on assessing the performance of wi l t -resistant
variet ies. T w o long-dura t ion variet ies resistant to fusar ium w i l t disease have been released f o r
p roduc t i on i n M a l a w i . I C P 9145 was released i n 1987 and I C E A P 0 0 4 0 i n ear ly 2000 . T h e
lat ter has been i den t i f i ed by the process ing indust ry as h a v i n g des i rab le qua l i t ies , i n c l u d i n g
a h i g h dehu l l i ng percentage ( the ra t io o f the w e i g h t o f dhal to the w e i g h t o f w h o l e seed
before dehu l l i ng ) . S ix add i t i ona l var iet ies have been deve loped and are n o w in o n - f a r m
eva lua t ion - t w o long-du ra t ion var iet ies ( I C E A P 0 0 0 2 0 and 0 0 0 5 3 ) , t w o med ium-du ra t i on
(Royes and QP 38 ; < 2 1 0 days to matu r i t y ) , and t w o shor t -durat ion var iet ies ( I C P L 87105 and
86012 ; < 1 5 0 days) .
C r o p management pract ices f o r p igeonpea in var ious c r o p p i n g systems ei ther as an
in te rc rop w i t h maize o r i n pure s tand; doub le c ropp ing , m u l t i p l e c r o p p i n g , w in te r sow ing
and ra toon c ropp ing , have been deve loped w i t h f u n d i n g f r om I C R I S A T , F A O , and The
Rocke fe l l e r Founda t ion . T h e outputs inc lude : var iet ies o f ma i ze and p igeonpea sui table f o r
in te rc ropp ing , i n f o r m a t i o n on o p t i m a l s o w i n g dates, spac ing , and spat ia l arrangements f o r
maize-p igeonpea in tercrops, fe r t i l i ze r requ i rements , w e e d i n g , and harvest ing .
Technology Exchange
To accelerate techno logy exchange, func t iona l l inkages have been deve loped among
fa rmers , researchers, and g o v e r n m e n t / N G O extens ion staff. O n - f a r m demonst ra t ions have
been conducted to p romo te adop t ion o f l egume technolog ies. A number o f co l laborators are
i n v o l v e d - the Depar tmen t o f C r o p Produc t ion , Depar tmen t o f A g r i c u l t u r a l Research and
Techn ica l Services, Depar tmen t o f A g r i c u l t u r a l Ex tens ion , N G O s such as W o r l d V i s i on
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I n te rna t iona l , A c t i o n A i d , and V i l l a g e Enterpr ises Z o n e A s s o c i a t i o n ; a n d severa l o ther
g roups i n c l u d i n g fa rmers .
O n - f a r m demonst ra t ions under A c t i o n G r o u p 2 o f the M a i z e P r o d u c t i v i t y Task Force
are m o u n t e d i n a l l the A g r i c u l t u r a l D e v e l o p m e n t D i v i s i o n s ( A D D s ) o f the coun t r y t o
p r o m o t e some o f the n e w l y re leased p igeonpea var ie t ies. T h e y have a lso he lped ob ta in
f a r m e r s ' percept ions o f the n e w techno log ies and thereby he lp i d e n t i f y f u tu re resea rch
pr io r i t i es .
O the r e f for ts i nc lude f a r m e r f i e l d t r a i n i ng , pub l i ca t i on o f the G u i d e t o A g r i c u l t u r a l
P roduc t i on , p r o m o t i o n t h r o u g h r a d i o broadcasts, and the ac t iv i t ies o f the D h a l M i l l e r s
A s s o c i a t i o n o f M a l a w i .
Seed Production Issues
Breeder seed is p roduced by the breeder concerned, funded by M a i z e Produc t i v i t y Task Force
A c t i o n G r o u p 2 . Bas ic and c e r t i f i e d seed i s p roduced by several agencies: M a i z e
Product iv i ty Task Force A c t i o n G r o u p 2 , Na t iona l Smal lholder Seed Producers Associat ion o f
M a l a w i , contract farmers, and the U S A I D / I C R I S A T / G o v t o f M a l a w i g roundnu t and
pigeonpea pro jec t .
The Way Forward
Research oppor tun i t i es and p r i o r i t i es f o r the fu tu re i nc lude :
• Var ie ty deve lopmen t f o r m u l t i - t r a i t genotypes to con t inue
• Genet ic i m p r o v e m e n t to con t i nue
• F a r m i n g systems ( s o i l f e r t i l i t y and p l an t nu t r i t i on ) research
• The re w i l l be need to expand the capac i ty o f the g ra in legumes p r o g r a m to select f o r
m u l t i p l e res istance/ to lerance to b i o t i c and ab io t ic stresses
• W h e r e l o c a l exper t ise is inadequate , techn ica l suppor t w i l l be sought f rom in te rna t iona l
ag r i cu l t u ra l research centers
• T h e na t iona l p r o g r a m w i l l share exper iences w i t h other legumes p rog rams in Southern
A f r i c a t h r o u g h reg iona l n e t w o r k s
• C o l l a b o r a t i o n w i t h fa rmers w i l l con t i nue .
Op t i ons f o r t echno logy exchange w i l l be fu r ther exp lo red . These i n c l u d e :
• Use of a co l l abora t i ve systems approach
• P r o m o t i n g e f f i c ien t suppor t serv ices
• A t t e n t i o n to gender ro les in ag r i cu l t u re ; p r o m o t i n g househo ld u t i l i za t i on o f g ra in
legumes w i l l i n t u rn increase p r o d u c t i o n
• P r o m o t i o n o f g r a i n l e g u m e techno log ies t h r o u g h par t i c ipa to ry ex tens ion me thods ,
i m p r o v e d b l o c k ex tens ion sys tem, a n d o n - f a r m demonst ra t ions
• T r a i n i n g o f f o o d scient ists a n d techn ic ians
• St rengthening l inkages f o r e f f i c ien t techno logy deve lopment , m o d i f i c a t i o n , d i ssemina-
t i o n , and adop t ion by sma l l ho lde r fa rmers .
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Discussions - Country Experiences and
Opportunities
Time-bound research
In m a n y cases, research i s conduc ted w i t h an open-ended t i m e - f r a m e ; and somet imes the
resul ts o f th is research l i e on the she l f f o r a fu r the r ( i nde f i n i t e ) p e r i o d , unadopted by
farmers . T h i s waste o f resources w o u l d no t be p e r m i t t e d , f o r e x a m p l e , i n the p r i va te sector.
We need to spec i fy a rea l is t ic schedule f o r each research pro jec t at the p l ann ing stage.
Pro jects that do no t c o m e up w i t h concrete resul ts ( i .e . techno log ies ready f o r
d issemina t ion) w i t h i n th is p e r i o d m a y have to be c losed. T h i s approach w i l l need a change
in scient ists ' at t i tudes. I t m a y reduce the f l e x i b i l i t y o f research p rog rams . B u t i t w i l l lead t o
m o r e e f f i c ien t , focused research p rog rams and faster deve lopmen t o f p rac t i ca l techno log ies
f o r fa rmers .
Seed issues
N o n - a v a i l a b i l i t y o f seed i s a m a j o r cons t ra in t to the d i f f u s i o n o f new var ie t ies . F o r
e x a m p l e , I C R I S A T ' s p igeonpea techno logy exchange specia l is t spends 8 0 % o f h is t i m e o n
seed issues. O n - f a r m t r ia ls are encou rag ing f a rme r - t o - f a rme r exchange o f var ie t ies , e.g.
K a t 60 /8 i n Uganda . H o w e v e r , th is d i f f u s i o n m a y be associated w i t h loss o f genet ic p u r i t y
as a resul t of ou tc ross ing , as d iscussed be low .
Genetic purity
Farmers can con t inue to select i n d i v i d u a l p lants o f new var iet ies they g row, and even m a k e
improvemen ts in spec i f ic t ra i ts , as has been observed f o r pear l m i l l e t Okashana in N a m i b i a
and so rghum Serena in Sudan. H o w e v e r , th is process genera l ly leads to a loss of ear l iness,
because fa rmer select ion f o r th is t ra i t i s no t a lways r i go rous . A n o t h e r fac tor is that the
i n f o r m a l sys tem rel ies on m ix tu res ( fa rmers p lan t a m i x t u r e o f var ie t ies, and i n f o r m a l seed
trade i s o f m ix tu res ) , w h i l e the c o m m e r c i a l marke t demands spec i f ic var iet ies w i t h spec i f ic
character is t ics. T h u s , m i x t u r e s and loss o f p u r i t y due to ou tc ross ing reduce marke tab i l i t y o f
p roduce . One so lu t i on c o u l d be to pe r i od i ca l l y i n jec t f resh seed o f popu la r var iet ies i n t o
the c o m m u n i t y .
Regional approach
Pigeonpea is g r o w n ove r a w i d e area in the reg ion . B u t m a n y areas (e.g. parts o f U g a n d a and
Tanzania) have s im i l a r g r o w i n g cond i t i ons , so var ie ty pe r fo rmance m a y be s imi la r , and
m a n y research results m a y be b road l y app l i cab le . To e x p l o i t th is , however , we mus t take a 
reg iona l approach to p igeonpea research and deve lopmen t . T h i s w i l l i n v o l v e de l inea t ing
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agro -eco log ica l zones, i d e n t i f y i n g reg iona l test sites f o r each m a j o r e n v i r o n m e n t , and
shar ing g e r m p l a s m m o r e w i d e l y .
Phenology and adaptation
Studies on pheno logy and adapta t ion represent no t o n l y new and i m p o r t a n t resul ts b u t a lso
a n e w approach . Such studies have been conduc ted on m a n y c rops , bu t genera l l y in a 
theore t ica l f r a m e w o r k . I n cont ras t , the p igeonpea studies have i m m e d i a t e p rac t i ca l
app l i ca t i on , i d e n t i f y i n g spec i f i c areas and n iches f o r each m a t u r i t y g roup . These studies
n o w need to be taken fu r ther , f o r e x a m p l e by de l inea t ing and w i d e l y d i ssemina t i ng a l i s t o f
6 -7 m a j o r ag ro -eco log ica l zones, a n d var ie t ies sui table f o r each zone , a l o n g w i t h the i r




S i x m a j o r issues we re i d e n t i f i e d :
• Inc reas ing awareness
• Systems approach
• M a r k e t i n g , c o m m e r c i a l i z a t i o n , and postharvest issues
• B a c k - u p research
• F u n d i n g
• Fu tu re p r io r i t i es .
Increasing awareness
We need to increase awareness about the benef i ts f rom p igeonpea , a t va r ious leve ls . E a c h
audience w i l l need i n f o r m a t i o n to be packaged and d isseminated in a d i f fe ren t way .
7b farmers - cash c r o p p i n g oppor tun i t ies and associated q u a l i t y and marke t requ i rements ,
ava i lab le var ie t ies and management packages, o ther benef i ts such as so i l f e r t i l i t y
i m p r o v e m e n t . Easy- to-use i n f o r m a t i o n d isseminated t h r o u g h f l ye rs i n l o ca l languages,
r a d i o , a n d te lev i s ion . E x t e n s i o n services and N G O s w i l l p l ay a key ro le . We shou ld n o t re l y
so le ly o n fa rmer - to - fa rmer d i ssemina t ion o f i n f o r m a t i o n , b u t aggress ive ly p r o m o t e
ava i lab le appropr ia te techno log ies . One o r t w o exper ienced researchers i n each c o u n t r y
c o u l d be asked to synthesize ava i lab le techno log ies f o r o n - f a r m p r o m o t i o n .
To the scientific community - c o m m i s s i o n a series of monographs c o v e r i n g va r ious
subjects, e .g. g e r m p l a s m resources, p lan t p ro tec t i on , ag ronomy. These w i l l he lp conso l ida te
i n f o r m a t i o n that i s cu r ren t l y ava i lab le bu t no t eas i ly accessible, be ing scattered in numerous
j o u r n a l s and repor ts . T h i s w i l l a lso h i g h l i g h t compara t i ve advantages (e .g . disease h o t
spots) that can be e x p l o i t e d f o r reg iona l b e n e f i t
Statistical data - data are n o t eas i ly ava i lab le on p r o d u c t i o n and y ie lds , except in a f e w
count r ies such as Uganda . O f t e n p igeonpea stat ist ics are c l ubbed w i t h o ther legumes. N A R S
m u s t b u i l d a de ta i led and accurate database f o r each coun t ry . T h i s w i l l he l p m a k e a case to
p o l i c y makers f o r greater e f fo r ts to p r o m o t e the c r o p , a n d a lso p r o v i d e a basel ine against
w h i c h t o measure fu tu re progress.
7b policy makers - po ten t i a l benef i ts of the c rop , demonst ra ted impac t , and e c o n o m i c
re turns . Spec i f i c recommenda t ions on h o w to p r o m o t e p igeonpea p roduc t i on and ma rke t
deve lopmen t , i.e. i d e n t i f y i n g the key constra ints and measures to address t h e m .
7b donors and visitors to research stations - documen ta t i on of "success s to r ies " e.g.
t h r o u g h s m a l l i l l us t ra ted brochures , and i m p a c t assessment studies.
Systems approach
Pigeonpea i s an i m p o r t a n t pa r t o f t rad i t i ona l f a r m i n g systems, and fa rmers are aware that i t
p rov ides m u l t i p l e benef i ts , e.g. f o o d , f u e l w o o d , fodder , and so i l f e r t i l i t y benef i ts . A l t h o u g h
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i t i s genera l l y the secondary c r o p i n f a r m i n g systems, we can cap i ta l i ze on i ts w idespread
acceptance b y o f f e r i n g i m p r o v e d var ie t ies that f i t i n t o e x i s t i n g f a n n i n g systems. T h i s w i l l
requ i re a bet ter unders tand ing o f each target sys tem, a n d soc io -economics studies to
examine cost-ef fect iveness, fa rmers ' needs a n d percept ions , c o m m u n i t y - l e v e l structures f o r
seed and g ra in m a r k e t i n g , a n d o ther fac tors .
Marketing, commercialization, and postharvest Issues
I n mos t c rops w o r l d w i d e , r a p i d expans ion i n area and p r o d u c t i v i t y has been d r i v e n by
marke t d e m a n d a n d p r o f i t a b i l i t y . T h i s i s a lso t rue o f p igeonpea . O n e m a j o r reason i s l ack o f
unders tand ing o f the marke t , as a resu l t o f w h i c h we we re unab le to target var iet ies to
spec i f i c areas w i t h ( soc io -economic ) po ten t ia l f o r r a p i d adop t i on . Fu tu re e f fo r ts w i l l
there fore focus on c o m m e r c i a l i z a t i o n , i.e. encourag ing f a rmers t o i m p r o v e p r o d u c t i v i t y and
incomes by adop t i ng n e w var ie t ies a n d bet ter c rop managemen t , and g r o w the c r o p f o r sale.
Successfu l c o m m e r c i a l i z a t i o n w i l l have i m m e d i a t e sp i l l ove r benef i ts on the subsistence
sector as w e l l .
Back-up research
Essent ia l ly , f u r the r research shou ld be demand -d r i ven . A p r e l i m i n a r y " i n v e n t o r y ' ' o f
ava i lab le techno log ies w i l l p r o v i d e a s tar t ing po in t . Gaps in k n o w l e d g e w i l l thus be
iden t i f i ed , where add i t i ona l research is needed. S imu l taneous ly , as techno log ies are be ing
d isseminated a n d adop ted b y fa rmers , w e w i l l rece ive feedback about p rob lems o r
shor tcomings in these techno log ies , thus i d e n t i f y i n g spec i f i c areas whe re back -up research
is needed.
We need m o r e i n f o r m a t i o n pa r t i cu la r l y about c r o p p i n g p r io r i t i es i n d i f fe ren t areas,
because these w i l l de te rm ine the t ype o f var ie t ies - y i e l d and qua l i t y are impo r tan t to
fa rmers p r o d u c i n g f o r sale, w h i l e taste and seed size m a y be m o r e i m p o r t a n t f o r subsistence
farmers p r o d u c i n g f o r h o m e c o n s u m p t i o n . E v e n w i t h i n a c o m m e r c i a l f a r m i n g sys tem,
pre fe r red seed character is t ics w i l l depend on e n d use.
We a lso need t o p i n p o i n t bot t lenecks t o w i d e r adop t i on o f n e w techno logy , us ing the
sub-sector analys is app roach descr ibed by F reeman e t a l . e lsewhere in these proceed ings.
T h i s w i l l enable par tners t o w o r k together t o e l im ina te each bo t t leneck . I t w i l l a lso i den t i f y
gaps in k n o w l e d g e , w h e r e add i t i ona l soc io -economics research is needed - f o r examp le ,
causes f o r w i d e f luc tuat ions in marke t demand and expor ts , ways to reduce transact ion costs.
Funding
B o t h reg iona l and b i la te ra l sources ex is t , bu t need to be tapped m o r e e f fec t i ve ly . D i f f e ren t
donors m a y be in terested i n f u n d i n g d i f fe ren t ac t i v i t i es ; a large p igeonpea R & D p r o g r a m
m a y therefore need to be sp l i t i n t o componen ts that can be " s o l d " t o d i f fe ren t donors . We
also need t o i m p r o v e the e f f i c i ency w i t h w h i c h w e u t i l i ze d o n o r f u n d i n g .
2 2 2
F u n d i n g proposals shou ld inc lude spec i f i c , measurab le targets to a l l o w the dono r to
m o n i t o r progress, e.g. " expo r t s increase to 25 ,000 tons pe r year by 2 0 0 3 " . T h e proposa l
shou ld state c lear ly h o w the p l a n w i l l be i m p l e m e n t e d , w h i c h partners are i n v o l v e d , and
w h a t ro les each w i l l p lay .
F u n d i n g proposals shou ld be deve loped f o r each c o u n t r y h i g h l i g h t i n g ( i ) po ten t ia l h i g h
i m p a c t a t f a r m leve l by b u i l d i n g on ear l ier research and d o n o r inves tments , ( i i ) par tnerships
are already in p lace and f u n c t i o n i n g w e l l , ( i i i ) several par tners , e .g . I C R I S A T , C R S , have a 
reg iona l focus a n d can e x p l o i t sp i l l ove r benef i ts . I n o rder to des ign appropr ia te in te rven t ion
strategies, p r e l i m i n a r y studies are needed to i den t i f y t echno logy packages f o r p r o m o t i o n
and i den t i f y the l oca t i on and size o f marke t n iches. F u n d i n g shou ld be sought f o r these
p re l im ina ry studies.
Future priorities
Fi rs t o f a l l we need t o m a x i m i z e impac t f r o m techno log ies a l ready ava i lab le . We mus t
determine w h i c h techno log ies are appropr ia te f o r d i ssemina t ion (see Increas ing Awareness
to fa rmers , above) , i den t i f y partners w h o w i l l " p a c k a g e " techno log ies i n to usable f o rms , and
iden t i f y respons ib i l i t ies f o r each partner. F o r examp le , h i g h - y i e l d i n g , adapted var iet ies are
ava i lab le , marke t po ten t ia l ex is ts , bu t these mus t be t i e d together w i t h pest con t ro l and
marke t i ng ar rangements and targeted a t spec i f ic areas or c o m m u n i t i e s .
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Recommendations
O u r goa l i s t o i m p r o v e the p r o d u c t i v i t y a n d susta inab i l i t y o f f a r m i n g systems, b y s t imu la t i ng
w i d e r t echno logy a d o p t i o n . T h i s i s best d o n e by c o m m e r c i a l i z a t i o n , i.e. c rea t ing
oppor tun i t ies a n d c o n d i t i o n s ( i n c l u d i n g ava i l ab i l i t y o f the r i g h t var ie t ies) that w i l l
encourage fa rmers to g r o w a we l l -managed c rop f o r sale. Commerc ia l i za t i on w i l l therefore
underp in f u tu re e f fo r ts t o p r o m o t e p igeonpea techno log ies i n the r e g i o n . Successfu l
c o m m e r c i a l i z a t i o n w i l l create i m p r o v e m e n t s i n r u r a l w e l f a r e and i n c o m e . I t w i l l a lso have
immed ia te s p i l l o v e r benef i t s on the subsistence sector i n te rms o f bet ter n u t r i t i o n and f o o d
securi ty.
Par t ic ipants m a d e f o u r b r o a d recommenda t ions :
• Con t rac t sc ient is ts to w r i t e techn ica l monog raphs on var ious top ics (Var ie ty t r ia ls ,
G e r m p l a s m , Pheno logy and adapta t ion , e tc ) . These monog raphs w i l l conso l ida te
i n f o r m a t i o n that i s cu r ren t l y scattered in j o u r n a l s and repor ts , p r o v i d i n g a 
comprehensive " inven to ry ' ' o f the current state o f research and iden t i f y ing gaps in
k n o w l e d g e .
• I den t i f y spec i f i c marke ts , a n d package ava i lab le techno log ies (var ie ty , management ) f o r
each o f these marke t s , es tab l ish l i n k s w i t h m a r k e t i n g agencies whe re poss ib le . F o r
examp le , g r o w i n g wh i te -seeded shor t -dura t ion vegetab le types i n Tanzania f o r sale i n
D a r es Sa laam, g r o w i n g h i g h - y i e l d i n g var ie t ies i n U g a n d a f o r expor t .
• In o rder to i m p l e m e n t th is approach , add i t i ona l i n f o r m a t i o n i s needed, pa r t i cu la r l y on
m a r k e t oppor tun i t i es . The re fo re , approach R o c k e f e l l e r Founda t i on o r o ther donors f o r
f u n d i n g to d e v e l o p a reg iona l concept note on marke ts , strategies, and goals f o r the nex t
5 years. T h e concep t note w i l l ou t l i ne the f r a m e w o r k f o r deve lopmen t o f i n d i v i d u a l
techno logy packages. I t w i l l a lso i den t i f y compara t i ve advantages and the i r imp l i ca t i ons
f o r p igeonpea deve lopmen t targets, e.g. t ranspor t costs f o r expor ts are h i g h in Uganda ,
therefore a i m f o r va lue a d d i t i o n w i t h i n the coun t ry .
• I C R I S A T shou ld coord ina te these e f fo r ts , i.e. deve lopmen t o f the concept note and
subsequent ly , i n d i v i d u a l p ro jec t proposals . E a c h pa r t i c i pa t i ng coun t r y shou ld nomina te
one person to p r o v i d e data and other assistance i n th is process. T h e European U n i o n
pro jec t shou ld cons ider expand ing i n t o (o r f u n d i n g ) marke t research in i ts second phase.
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T h e semi -a r i d t rop ics ( S A T ) encompasses parts o f 48 d e v e l o p i n g coun t r ies i n c l u d i n g mos t
o f I n d i a , parts o f southeast A s i a , a swathe across sub-Saharan A f r i c a , m u c h o f sou thern and
eastern A f r i c a , and parts o f L a t i n A m e r i c a . M a n y o f these count r ies are a m o n g the poorest i n
the w o r l d . A p p r o x i m a t e l y one -s i x th o f the w o r l d ' s popu la t i on l i ves i n the SAT , w h i c h i s
t y p i f i e d by unpred ic tab le weather , l i m i t e d and errat ic r a i n f a l l , and nu t r i en t -poo r so i ls .
I C R I S A T ' s mandate crops are s o r g h u m , pear l m i l l e t , f i nge r m i l l e t , ch i ckpea , p igeonpea,
and g roundnu t ; these s ix c rops are v i t a l to l i f e f o r the ever - inc reas ing popu la t i ons o f the
semi -a r i d t rop ics . I C R I S A T ' s m i s s i o n i s t o conduc t research w h i c h can lead to enhanced
sustainable p roduc t i on o f these c rops and to i m p r o v e d management o f the l i m i t e d natura l
resources o f the SAT. I C R I S A T commun ica tes i n f o r m a t i o n on techno log ies as they are
deve loped t h rough wo rkshops , n e t w o r k s , t r a i n i ng , l i b ra ry serv ices, and p u b l i s h i n g .
I C R I S A T was establ ished in 1972. I t i s one o f 16 n o n p r o f i t , research and t ra in ing
centers f u n d e d th rough the Consu l ta t i ve G r o u p on In te rna t iona ] A g r i c u l t u r a l Research
( C G I A R ) . T h e C G I A R i s a n i n f o r m a l associat ion o f app rox ima te l y 5 0 p u b l i c and p r i va te
sector donors ; i t i s co-sponsored by the F o o d and A g r i c u l t u r e Organ i za t i on o f the U n i t e d
Na t i ons ( F A O ) , the U n i t e d Na t i ons D e v e l o p m e n t P rog ramme ( U N D P ) , the U n i t e d Na t ions
E n v i r o n m e n t P rog ramme ( U N E P ) , and the W o r l d B a n k .

